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[ 0 0 4 1 ] 

hmi2<D^mm^. x ^ » ^ < i-x i h m s (d ^ m m ^ . jEt-J:«9»*L<*ii. 2 

. 3. 4. 5XJi6<Dj^^JST-^*ri-5S^^tfr^yr/U:^yuS;5S^ffb^X'5o 40 



y ^ . t:' y /u , e ^ — . e y ^ yu . y ]) /i- . t" o y yi^ , ^ :3i ^ yu , ^ r y 
. ^ y y . y . h y T ^ — yu . ^ ^ y /i^ . K y /u- . ^ > y y 

y ^ ?v Rn ^ :y y ^ r y — X ^ ^ d i:;!i5T-# 5o 
[ 0 0 4 3 ] 

Tv-/i^m^-^^'r^^mit^mt>>m^f^h.^o mmm fj: mm m^r v - yi^m^^. 1-3 50 



[ 0 0 4 2 ] 
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fg^ry — yi^s^UTii. y zi:. =^ /u ; 1 - -r y ^ ji^RXJ^ 2 - ^ y ^ ^ ^ -r y ^ /i^ ; t- 

y :xu =^ ju ; y -r :y h y/u ; TCxh^v'/u ; ^lTJ^r-fe-:h7^yu^5^if^ti5o 
[ 0 0 4 4 ] 

/uSlt;^^-A I (^}S^^ixfc7Ky-^-<7):7:ny-/uS{c:>/^>^ ^$^^TtJ:v^o ±iSU 

[ 0 0 4 5 ] 

1 1^ ± O pl tfe fi: S . A S W fl 1 . 2 X 3 (7) {5: g io l^ T 0ij X. . p > ( # 

C 1 XJIB r) ; > T y ; C,~8T/^=^ryU ; C ^ s T Ji^ =^ ^ iy ; Ci'-aT/U:^ 

^ ; C i ~ a T ^ /i- ^ yi- ^ ; C 2 ~ s T /U >$r /u ; ; C 2 — s T yi^ ^ ^ ; t: 

K D V- ; =L h o ^ t;? c , 6 T yu y >r yu . W T yu ^ <7) T yu y yKTP J: 9 ?te 

1 ^y.±(D0m^£m^mi^ ^ tim ^ o 

[ 0 0 4 6 ] 

*:^§^co::^?£^;li:«9Kit^tL:^c1#^c«^^Lv^7}fy•v-c^Lr^±. TI55ti>Rr5/3iHi i 20 

[ 0 0 4 7 ] 
[{li 3 ] 




30 



[ 0 0 4 8 ] 

rr-C, RMi. (C,~C,2) Tyu^yu. gjfe (C.-Ci^) Tyu=3ryi-. (C^-- 

Ce) ryU>5r::^yU. (Ca'-Ce) T ^ ^ y ^xl /U ^ Ce (R') 5. (Ci 

---Cs) ryu^^yi^ (Ce (RM 4) . (Ci—Cs) ryu^yu (C6H4OZ) , 
y^:Slt/B^t:'-yU;5i^«b51S^^^x; Zfi (C,'-Co) T Ji^ ^ /i^ ^ /i^ ^ — h ^ y^ /i^ JL i-i 

r V — /I- y^ n-^ ^ — h :x. y. yu h miR ^ n ; n ti (D R' i-xm X H ^ F, (C. 

---Ce) T Ji^ ^ Jl^ ^ (Ci^Ce) ryu^i^v-, (Ci'-Cfl) ry^=^yu. t Kd^^S^ 

^^ n ( C , C 6 ) r yu ^ yu X »i a ( C , - C e ) T yu = b iS ^ ; -^r tb 40 

tl<ORNiR'SU^OH75^jb^4i£UTilS^^n ; ttl't*tl(ORUt^iLl.XHX\t.Fy)^h 
miR^tl;^iX^'tl<DR^\^^^Ll.XH^ F. CH3. CFa. CHFa&t/CHaF;^^ 
^iSS^^tb ; :5.I/m=0-2-Cfc'5o 
[ 0 0 4 9 ] 

Z tl h (D^ \ RZJ^ \ l[Zt6\^^X. m=0(Dt^. ^ m R ^ ^ ^ m (O m ^:Ht ^ ^ ^ ^ 
Ztt^^mm^tl^Xh^Oo »*L<llm=0X*ilT'^«9. J:i9»*L<flm=lT*^ 

5o ^ <^ ^ *3 T . rEgiryp=^yuj x ^ m^r ^ =^ \ t \^ ^ r/\^^jujL\^ 
r ^ =^ m (O 1 u ±- <r> i^m t*^ . ^ix-t'ix. iJeA±<;oft!i<oE»S{::J;f9®^^tiTv^-5r 
^^:t*-r^o Sfii/cCsmK^urfi. (c.-Ce) ryw^^e/i.;®^ (Ci-Ce) r 
yu:¥yi-: (C.— Ce) Tyu^i^^v-;— (R'O-C (O) ) '^^-T^Tji^^^i^ 50 
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o (Ci'-Ce) T/U^^ryU; (C,--C,o) TyU^yu;^yU;}^^- — h;^U^ry — yU^/U 

foSo R*^;lov^T<D^ff^Lv^T/^^y^&t;f®^r/^'=^/^S^l, (Ci— C,o) T/u=^ 
/i^, (Ci— C,o) TyU:¥yURT>* (R"0-C (O) ) - (C,-C,o) T/U=^ 

jl^X- h ^ \ :i r T R ' T IE ^ ^ L 3i <9 ^ o R ' o l> T <^ » ^ U ( C 2 C 

Ce) Tyu>>-^/UT*$55o R'ji^ (Ci—Cs) T/U^^yu (C6H4O2) m ^ ^ t % 

ft # 6^ I- r y - ^ ^ /u V/ e ift g r =^ ;^ 4^ ^ Z 10 

( C , C 6 ) r yu =^ yu ;^ yu 4^ — h ^ ;^ 7" yu 3^ T y — ^ — h ^ ^ ^ 

. fSiMii^yi^m RV^^\^ ^ m X ^ mi^ ^ tim ^ o R ' (C^-Cs) Tyi-^yi- (Co 
H4OZ) X*:h^t%(DHM^J:&tl.xn. :7ai^yi'>^yU7^':^h^>v?yu, :73i^yu;^yi^ 
7^-fh:73i=.y^^^y^, >f^yw>^yu;J^:^h'<>v?yu, ^^yu>^yU/^-^N^>'v^yu, IT^nf 
y^xyU7jN-:hh-<>'':^yu, ^y:7y^3^cI^^y^'::^y^7}^■:^^^:^v?y^, 7«^y^:^yi^3^'^N:7ai 
-yWji^yU', h!;yu;^yU7j^-t-h^:/v^yU'. h!;yL-;^yU7}^'^h>'ni^y^:3i^yu. :fj > y r — 
>?.yu/j^-t-h-^vv^yu. ><.yL-7^-:hh:73i:=:^yu^^yu, :7ji;^y^><.yu;ix:^h:7:n^ 

yi^. ^^yu;^yi'7}^^h:73i::iyw, hyyU';^yW/J?'^h:7j:-/u, :*>:7t— :^yW':tJi-N:73i 
-yW^ ai^/P;^/U7}>-:hh:7^^yU, y a jU :^ -j- h y /l- . h ^) y :^ ^ ^ JV P. 

y^7}N':hh;7ji-yu^ 3:.5^yu^yU7^-:hh:7ai^yi^^^/u, :/Dt''y^^/^7^^-:^h^al:^>'Wal^ 20 
/u^U? h y >'y^:^n7<5^y^^yu4^-:^ V y =^ :^ "f- Ji^ ^ f)> ^ \f h ix ^ . rttbicPS^^ 

R'^3ov^T^7)ftb.(7)&ii/^Si:LT^i. ^^yU. ai^^yu, hy:7y^:^^^7«^y^. 
2, 2. 2 - hy:7yIx:^Dai^/U, ^>'^:7yU ;^-Diii^yU^ :73i^yU, ^Vv/yU, y zjl 
^yu, Nyyi-. hy:7yu::^D;.<^yu:7ai — yu, 7« h ^ y . h ]) y /i^ :t n ^ h^rv^ 

:7;c^yl', y/U^KyU^^yi'. i^^a^^rixyU, 1. 2, 2 - hy:7yW:^nt'^yW^, ^U^^f 
^L<ti7«^y^.:3i^yW, hy>^yu;d-pp«^yu, 2, 2, 2-hy:7yl<:?}-nj:^y^,-<> 
^>^yu;^niii^/^^ ^'mjnyu, -<>C/yu, y =11 ^ , hyyu, hy^yU;tDp<^yi.':73i 

yl^ . h y yu ^ u 7< h :7 in yu , 7 yt- t}^ yU yl^ , ^ o > y^ & 1/ 1 , 2 . 2 - 

hy>'yu^oif^yU';5i5^tfp>n5;0S. Z ti (b m ^ ^ ti ti: o l<7)^/-^ 

<^ L T H . t K n v- :7 ^ ^ yu . t K n -< V yu . t: K n 3^ y oi — yU 31 ^ /U 30 

;65 ^ <b 5 . w b . PS ^ ^ o R o V> T (7) 0 il t K p =^ /^ n ( C 1 

- C 6 ) r yu s ^ - c ( C F 3 ) 2 O H ^ If lb n 6 . r tl ^ PS ^ ^ tt o 
[ 0 0 5 0 ] 

y :t h ^ - i^-^m^j:mfS.!^ . :^mx\^7f^ i^mx h ^ n ^ o ± is u fc j: 9 . m 
^-rs 1 &.±(D^y'^-t^mifhti^o m^^tixmi)^^m^mm-r^z t t^x ^ ^mi^)- 

^mmSiit'ey-^-ti.xa. TIE^l i i <d h (o m h ti ^ i^^ . cix^tcpi^^^x/^ 



1 0 0 5 1 ] 
lit 4] 



40 




(ni) 
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[ 0 0 5 2 ] 

w^T. RMiKMSittS;-?:tL-etbC0R«tl3feS:LTH. F, (Ci-Ce) T ^ fV 
. (C,— Ce) T>ru=i:^'>, vNcr (Ci—Cs) T )V ^ )V ^ M Y n xi (Ci'-C 

6 ) T)V^jvy^\t^^^ ( C 1 C 6 ) r v- f> jIJ^ ^ n ; ^ -t* tb O R 331 it L 

THX*lF;5^^51tR^*X;^ix-^*n(^R'°li^i:LTH. CH3. CF3> CHF 

2;RU^CH2F;6^ibal^$iX;St/p = 0 7i>^2T*^^o »^L<ti. p = 03iHl, ^ 

(O) OC (CH3) 3; - CH (CH3) O (Ci—Ce) TyU^^e/U; - CH2C (O 10 
) OC (CH3) 3; - (CsHaO ( TT^h^tKnf^-v'UJ ) Xfi^iJ'hV^&^b^ 

^v^l^; d) ttSJwetfe^nfc>^cn::^>rU; e) Btft$tt^c3, 2. 0tSS;«iMt5^; f) fiElCtC 
fc ^> n r ^ S ; ^ tK h ) ff: ^ tc g m ^ it 2 . 2 . 1 - -ff ;?»Mt ^ ^ tf ib -5 

[ 0 0 5 3 ] 20 

(^2j^±<7)BBgiKj^iRmT-^^ri-'54><o;&5^(f?>ti5o *:?g*pas^c:^ov^T r^-«^j 

J^^J[^^;ii>z:o(o#7K^gm^ (Ep-^. CH2RR'-rr*RS.r>'R'(if^-Xtim^^'9 

fi^^J!^^^5 3{B<75^;?tc*efftS (HP^. CHRR'R' 'CICLTR. R'. ^tJ^R' ' 

*i — X ^ «9 :s. o« ^ n (1 tk ^ i> ) ^ * -r 5 r ^ ^ l ; * ^ m io v> r 

r^E^J K^^^lffi^n5t><7)[ijK^J[S^;e,5 4^®cD^7K^B^S (iP^CRR'R' ' 
R' ' 'r:iT'R. R'. R' '^O^R' ' 'fi-^tL-^':}xl^-Xti^?:c*9S.I>'-^tt^';Mii 

^t/ tc|sffi;65foSo -^txJi. ®Eg?SjKS:$5ii:m^^tcS^^ixrvN-5::^ (IP 

[ 0 0 5 4 ] 

R, R'. R' R' ' ' (BP^. CH2RR'. CHRR'R' '. CRR'R' ' 

R' ' -^n^'mafPTyu^/u. (Ci-Cio) Tyw^^ryi-. 

(Ci'-Ce) T/l-:3f.yu^ JElCj:t9A^6<]{C|±l. 2. 33lJl4tecoK^J^^^^ 

[ 0 0 5 5 ] 

*fia/.^KBSS^ur(i. ^ (IV) - (X) . err*. PtiTKy-^-^E^i-^. coffii^ 50 
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[ 0 0 5 7 1 

-"r /um^ ^^mimf^-^ \^ X ^> m mmmm ^ m-r ^ »m^£m.mm t I. X it . 2 , 3->? 

2-^^/1^; 2, 3, 3-hy7«^/U-2-y^/U:2-^^>'^-2->^^/U; 
3-7«^/U-3-^>^yU;2, 3, 4-hyp«^/l'-3-^>'^/^;2, 2, 3, 4, 
4 - 3 - ^V-^/U; ! - ^ "f- - 1 - v^i^n^>'^/U; 1, 2 - 

-l-v^^n^V^/U;l, 2. 5-hy>^yU-l-v':^'o^Vf^/^;l. 2, 2-N 40 
yp<^/^-v'i5'n^V^yU:2, 2, 5, S-xh^P^^/^-l-iX^D^^^/l.;!- 
p« ^ yl^ - 1 - -> ^ o ^ :5E^ -> ; 1 , 2 - > ^ - 1 - -> ^ n :^ ; 1 , 2 , 6 " h 

y>?«^/U-l-'>^'D^=^>'/^;l. 2, 2, 6--7^h7>?«^/^-l-v^^o^^rv'/U; 
1. 2, 2. 6. 6 - ^ ;^ /U ' 1 ' ^ u ^ ^ /u : J^XJ^ 2 , 4 , 6 - h V :^ 

- 4 - ^ ji-t^m^f h ti ^ f)> . m ^ PS ^ $ n v> o 

[ 0 0 5 8 ] 

^ h (o m if h ti ^ : 

[ 0 0 5 9 ] 50 
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Ute] 




[ 0 0 6 0 ] 

r:ir'. r ' n (c^-c.o) r/^^r/u. Mm (c.-c.o) r/u^^ryu. (c^— c 

ryu>Jr^yu, (C^-'Ce) ryu>^^yu. :7ai-yu. Ce (R') (Ci- 

C s) ryu^yu (Ce (R') 4) . (C.-Cs) T ^ (C«H40Z) . 
^ t>* e Jfe t' ^ ^ il ^ tL ; Z ( C , C 6 ) T /I- /l^ v-J; - h ^ >^ X /I- 3^ r 

R'fl. ^AlLTH, F. (Ci— Ca) ryu^yu, (C,— Ce) Tyu^dev-, ( 
Ci—Ce) Ty^^^ryU. t Kd=^v^/^d (Ci-Ce) T /U^ yURlJy^ xj (C,— Ca) 

r/w=33rC/;6>ib^^$n-^ti-^*ncoRMta5iLTR';5.t/OH7i^b^S^^n ; 

(DR^RXfR'nmill.XHJL^'XF^^hm^^n ; •^tL-^*tb(7)R":S.r/R'°(i5i3jrLT 20 
H. F. CH3. CF3. CHF2^t;^CH2F7J)>e)3l«^$n;m=0 7:>-^2r*fei9 ;^ 

[ 0 0 6 1 ] 

[ 0 0 6 2 ] 

o ^I^T^I I(7)-=ey-^ — lil : I 1:6^9 9 : 1 h 1 : 9 9(Dii:M(D^mXi^ 

m ^ tim ^ o ^ I RXJ^ I I iCD^y-^ — tll : I I I;5iS99 : 1 ^> h 1 : 9 9 (D & M it 

I {(D^y-^ — \t.&m^ti^^y-^ — (Dm^/uy< — ±i>^\>t:&mi>^\^x5ti^hs 

0 %x h ^ (Dt^tt^^ L v^ o 
[ 0 0 6 3 ] 

^ ^ m <0 mm ^ ^) — . *MM«Cfi 5 0 0;5>^ 2 0 0. OOO^J^yUh^-O^J-^ft^ 
^b.»^L<(iiooo^>ibioo, oooyywhV(D5>^S:^^-rSc 

[ 0 0 6 4 ] 

10^SXLSil*^^r^y'^-755 5jc:7:i-h>f;>*-v^pIfigffij*i^l;i^ffi$tt# ^ 40 

^^#w^y-^-^^tf^<t:d^T*#6o 2 Ai(D ^ ^ yf^ 'J - ^ m ^ t ^ . <^ 
/^<^t)-oij:. ^i^p^^^^^-g-^^y-^-T-feSo ^^'^cT^^^^^.-Ky-^-fi. mm(D 

y-7-<i:S^*^*>J<y-^-<t(D>^U':/K;!i5$,^„ ^0:g.«;:Wtt;45*l. m ^ t> ^ ti h Mr 
[ 0 0 6 5 ] 
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[ 0 0 6 6 ] 

:^^m m fj: y h m.m^^M\t . mm^\zitm s 2 0 4 2 0 -r j ^ - v j\^x h ^ 
. \^<o^Rx i^tti-mx* ^ h . itmxm±^ f\.xm.m^ ^^-t ^^M(oi\L^mx ^ ^ . » 

f^^yr-yi^^J^. n - (2-Ty/u:n7"-/u) r^K. ry — /urc^KMb-g^i^, N-r 

y — yU Tf: T ^ K 4 - ( :^ h - ^ h n ;t ^ ) V? t K D e y >^ ^ tf ^ n 5 10 

. r b Rg ^ ^ n ?i v^ o 

1 0 0 6 7 ] 

D V ft: ;^ /u 7}^ V ;!7 >f ^ K ^ Jf ^ ti -5 o 

1 0 0 6 8 ] 

4t ffl /ir ^^ o > h y T v> V IC . D ;^ ^ - s - h y r > ;65 -g- ^ n -5 o 5S 
yNU>5^>->fbhyr>>>'C0MirLTfi. 2- (1- (3, A - ^ ^/ it ^ V fV) ) -4 
, 6-b^;^ (hy^oD;^^yU) -1, 2, 5-hyTv^V. 2 - (1- (2, 3--<:x 20 
y>?;d-^yy/u)) - 4, 6-fc:';^(hy^nn;^^yU) -1. 3, 5-byrv^>'. 2 

- (1- (3, 4--<i^y'i:;?;d-de.yyyu)) - 4, 6-t^;?;(hyyn^p<^yu) -1, 
3, 5-hyT>?V. 2 - (1- (2, 3--<>y>?::^-:3eyyyl-)) - 4. 6-t^';^(h 
yyn^;^^/u) -1, 3. S-hyXv^^-. 2 - (2-:7/U>^^/U3i5^y^>) -4, 

6-i:f;^(hy^unp«^/u) -1, 3, 5-hyrv?>^, 2 - (2 - (5-^^/u:7y 

jV) :x,^ \) I/) - 4. 6-t:*;^ (hy^nn>^/U) -1, 3, 5-hyrv?>', 2- 
(2- (4-;^^>'U>'y7L-)^^yx>') - 4, 6-b"-;^(hy>^nD;<^/i.) -1, 3 

. 5-hyrv^>'. 2 - (2 - (3-p<^/u:7yyw)zc^yy^>-) - 4, 6-e>^(hy 

>^no;;<^/U) -1. 3, 5-byTv^>, 2 - (2 - (4, 5->?p«^/U>^y>rW)iii^ 
yv^V) - 4, 6-t';^ (hyi5^nn^^/U) -1, 3, S-KyTv^^-, 2 - (2 - ( 30 
h ' :^ V ^ y ^) }V) zzL^ ^) :y) - 4 , 6-lf^y.(\>Di^r2x:ipi^/U) -1, 3. 5- 

hyrv?^, 2 - (2 - (4->h:^c/>^y/U'):nf^y7^:/) - 4, e - y^ ( h D ^ 

n^^/u) -1, 3, 5-hyTv?V, 2 - (2 - (3-p«H:^v'7y/u)ziif^y7^V) 

-4. 6-t^';^(hy^c2op<^>r^) -1, 3, 5-hyrv^v. 2 - (2 - (4, s- 

v^yh=^v'>'y/u)^^y7='>') -4. 6-t:'>c.(hyi5'Dn;^^yU) -i, 3, 5-h 
V T > ^ 2- (2-7/u:7-</mi^y^v) -4, 6-t'><(hy^D^^^yU) -1 

. 3. 5 - h V T >- . 2 - (2 - (5-p«^/^7y/U)^^yxV) - 4. 6-tr>?. ( 
hyyn^y^/u) -1, 3, 5 - h V r > ^ 2 ' (2 - (4-7<^/U:7y/U)^^y 

t'V) - 4, 6-t'><. (hy>^n^^^/U) -1, 3, 5-hyrv^>. 2 - (2 - (3 

- ^ ^ y D /l^) ^ V f - 4, 6-tr;^(hy:/n^p<f^/U) -1, 3, 5-hy 40 
T>^>-. 2 - (2 - (4, 5-v?p^h:^v->'y/U)ni^y^>) - 4, 6-fc'>^ (hy^ 

-1, 3, s-hyrv^v, 2 - (2 - (5->h^'>y'yyu)ni^y7^>' 

) - 4, 6-fc:'^ ( h ]) y X2 ^ ^ ;U) - l, 3, S-hyTv^^-, 2 - (2 - (4-> 

h^v^:7y>ru)3i^y7':x) - 4. 6-K'>^(hyyD^>^yw) -1, 3, s-hyr 

v^>^. 2 - (2 - (3-7«h^i/:7yyi.);n^y7^>-) - 4, 6-t';^(hy7?'n^p<^ 

-1, 3, s-Nyrv^v-, 2 - (2 - (4, 5-v^p«h:3ev':7yyu)3i^yy^>') 
-4. 6-tr>^(hyyn^^^yu) -1. 3. 5-hyr>^>. 2. 4, 6-hy>^- 
(hy^onptf^yu) 1, 3. 5-hyr>?>-. 2, 4, 6-hy^ - (hy>^o^p<^ 

1. 3, 5-hyTv?>. 2-:7ai:=.>'U-4, 6-t'^ (hyiJ^oupi^yU) -1, 
3, 5 - h V T i> > . 2 - y zxL ju - 4 , 6-t';<(hy:/D^7*^yU) -1. 3, 5 - 50 
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h y r > . 2 - ( 4 - 


;?<h^i/'r7zii=iyU) -4 


. 6-t'^ { h ]) ^ X2 a 


^ ^ ) - 1 , 


3, 5 - hyrv^v. 2 


- (4-^h=^v'>'ni^ 


) - 4 . 6 - ( h 


y >^ n ^ ^ ^ 


) - 1 . 3 , 5 - h y r 


>' . 2 - ( 1 - ^ ) - 4 . 6 - ;^ ( h 


y ^ n D ^ yU 


) - 1 . 3 . 5 - K y T 


> s 2 - (l-*^:7^yu) - 4. e-t'y^ (h 


y ^ D ^ ^ 


) - 1 . 3 , 5 - h y T 


v^V. 2 - (4-^h:3E.v--l--:h:7^yW) - 4 


. 6 - t' ;^ ( K 


y^DDp<^/U) -1, 


3, s-hyrs/v, 2 


- ( 4 - ;^ h ^ . 1 - 


7 ^ yu ) - 4 




^ ^ ) - 1 , 3 . 5 - 


h y T . 2 - ( 4 - 


^ D n :7 ji yu 


) ' 4 , 6 - ;^ (by 


yn^;^^/U) -1, 3 


. 5 - h y T > . 2 - 


^ ^ y - 4 , 


e-t';?; (hy^nn;>« 


5^/1-) - 1 . 3 , 5 - h 


yrv^v. 2->^^y/u 


- 4 , 6 - ;^ 


(hyyo^p^^yu) - 


1. 3. 5 - h V r \y :y 


. 2 - ( 4 - h V- 


^ y /U) - 4 , 


6-1::';^ (hy^J^DD^ 


^/U) - 1 . 3 . 5 - h 


y r , 2 - ( 4 - p« 


h ^ ^ y yu 


) - 4 , 6 - :^ ( h y 


-1, 3 


, 5 - h ]) T > ^ 2 - 


( 3 , 4 , 5 - 


hy> h=3e-v^;^f^yyi-) 


- 4 , 6 - b' >^ ( h y iJ^ 


n o p< ^ yu ) - 1 , 3 , 


5 - h y r V? V 


. 2 - ( 3 , 4 , 5 - h 


y>h^v-;^^y>'u) - 


4, 6-b'>^ (hyyo 


^ > 5^ ) - 1 


, 3 . 5 - h y r V? . 


2 - ( 3 - u n - 1 - 


:7 ai n /U ) - 4 , 6 - 


;^ ( h y p n 


^ ) - 1 , 3 , 5 - 


hyri:^>'^i>'2- (3 


'^Uiny:^-jU) -4 


, 6 - { V 


y >^ D ^ > ^ /u ) - 1 . 


3, s-hyrv^v^;^^ 


^ If b tb ^ o ^ 1^ 1- * 


^ /cjr ftH CO K y T 






I14t 5 , 3 


6 6. 84 6#tC43V>T^^$tl'5o 






[ 0 0 6 9 ] 








s ' Y T 'J 




T^f^/i/- s - hyr>?> 


^ S CO r 




T \\L^m\± 


, *ll4#flFm3. 954 




4 2 # . 2 9 2 


4-3 OM (1 9 6 9^) ^;lBl^^i^yc:^Jll^c^^^v^liS^^i^#-5o 




I 0 0 7 0 1 








^*^ttr ^ :^ V <!: 


^'^i^iSfi. ^mm(Dy ^ h m^±m t i.x <Dmm \^^\c0mx- 






X r ^ ^ 


> X ^ X , ^ , t: ;^ 




, i;? yU n - ^ 


, 7. :y i/ ^ ^ ^ n 




y>':s.tj«?it5g. 60 ^> 




:;d->;&5^tfibH5o ft® 




- •^7 A ^ t;? 


m^m (D V A B m . 










^ J£ & :^ 


7^ y :=! ^7 X Hir 


- i> A ^ tf ^ n ^ 


> r n ^ RB ^ ^ 






, 442, 197#;B4, 603, 101-^; 


II 4 , 6 2 4, 


9 1 2-^{;iM^^ix. ^ CO m^i^i^yb*^ ^ n . 




h y y )\^ :a 






[ 0 0 7 1 1 










fV^ ^ ^ V -y 


h ^ o iff ii :^ ft: ^ ^ 7" yu ^ L T tl : ^ 




- :/ ^ yu :7 31 — 


fVT y r - ( p - N yi^ 31 jx 3}^ n :^ :?f- V- ) 


-r-feT^ — h^D^t - -f jvT y r - 


(p - h/Uzii>';^/U/}>::^ 


/u :^ ) - T ir X — h * ^ ix 5 . :i n ^ PI ^ $ ^ ^.C V> 



20 



o »f S ;^ 7^ >- >(b ^ ;^ 7^ /Ki . * ^ S is V> r # fiS. ^ n . A ^ ix ^ Journal 
of Photopolymer Science and Technology ^ 
S4*. No. 4. 3337'-340M (1991^) tC^l>T5l7j^$n5o 
[ 0 0 7 2 ] 

^^m(0 y :t hm^±m t L X ^ ffl /.^ » ii o y V fb ^ /I- 7h ^ yu :^ ^ V yu .if >^ 
^KirLTti: 1 ( ( (hy:7yU;*-crpt^yU) ;^yU7}^=:yU) - iH-fo — yu- 

2. 5-v?;?^^^;N - ({-<yU>'yU:^n;d-^^>^;^yU7|^=.yU);^d^r>') -5-y/U7!fyU';t- 
>^-2, 3 - iy ^ ^ \y ^ ^ h* ; ' ((hy>'/u^D7<^/u>^y'U7^^yu):^^r'>) - 
5 - / 5J< - 2 . 3 - V? yu ^ K ; 1 - ( ( ( h y 7 yu a ^ ^ yw ) /u 50 



( 20 ) 



JP 2004-38143 A 2004.2.5 



:^ =^ jU) :t ^ iy) -2. 5-t:'n!;v^>'i/;^>';3a, 4, 7, 7a-xK^t:Ku-2 

- ( ( ( h ]) ^7 :^ u ^ ^ /i^) /I. =L ju) :t ^ ) -4, lH--fy-f'> 
K — /L'- 1. 3 (2H) - :^ ; 2- ( ( (hU^/U^n^^yU) ^^/U;}^:::!/^) 7^:3e'> 
) -lH--<>'X(f)-<y^>'K-y>-l, 3 (2H) - v>:^>;3. 4->?^^yU- 

1- ( ( ( h ]) y :t tn ;A ^f- /U) 7^-^ - /U) :t ^ ) -IH-t'n — yl.-2, 5--:/;^- 
2- ( ( (hy^yi^Thay^yu) ;^/Uyi^::^/u) Th^V) - 1 H - ^ y ^ :y V — - i 

. 3 (2H) -v?:^^; 2- ( ( i h V y /i^ :t a ^ ^ ) ^ =^ /l^ ) ^ ) - IH- 

^VX('r)><y^yy>-l, 3 (2H) - v?:^V;4. 5, 6. 7-"rh7fcKo- 

2- (((hy:7/U:^Dp<f^/U)>^/U/^-/u);^-:3fv') -lH-^y^>K — 3 
(2H) -v^:^>';3a. 4, 7, 7a-v"h^tKn-2 - (((hy7/U;^D;^^/U tO 

-4, 7 - :^ ^ - I H - y ^ > Yr — JU - I ^ 3 (2H) - 
2, - ( ( (hy>^/P;^n;^f^/l^) >^ yi: ) :t ^ ) - -<>y (1 

, 2-c:4. 5-c')v>fP — 3, 5, 7 (2H, 6H) - h \^ > ; ^ ^ 

■l^fcKn-2, - ( { ( h I) y /i^ ^ 1^ y ^ Ji^) ys jl^ /i^) :t ^ i^) -4. 9- 

y>?y-lH-fnn (4. 4-g)^y:3eyy>-l, 3, 5, 7 (2H, 3aH, 6 
H) - 8, 8-by;^^/U-3 - (iihVy/i-y^xn^^jU):;x./uy^=^/U 

) :t ^ iy) - S- Tifb^v^iJ'D (3. 2. l);ri5^i5'>'-2, 4-v?;^>;4, 7-v?t 
Kn-2- (((hy:7yW;d-ny^/^);:^>rU;}x-/U)7t-^i/) -4. 7-3i7K^'>-lH 
--Yy-f^-K — 3 (2H) -v>^V;3- .4-:7^-yp 

- 1 - (i{h])y^^:tti^^jU)y^/un^=./U)yi-^i^) - 1 H - t° C3 — . 2 , 5 - 20 
^>'; 3, 4 -v^yai^/U- 1 - ( ( (hy:7/U^P^^/U) ;:^yU7r;nyl.) ;:r^r>-) - 1 
H-t'n — /W-2, 5-v^;^->';5, 5'- (2, 2, 2-hy>^/U;^u-l- (hyy 
/U:^tJ>^/u) ^^y7='>) t'^ (2 - ( ( ( h V y /i- :t a ^ /u) 

) - lH->ry-r>'K — 3 (2H) -v^:^>^;7"N^tKD-4 - (((hyy 

X2 ^ ^U) ^/P7}>rLylx) ;r^v^) -2, 6-^i$'y-2H-;^:3j^>uy (f) ^ y ^ 
>K — >'W-3. 5 (laH. 4H) -v?:^V;5, 5'-;;f^v^lf>^-2 - (((hy^' 
/U:;^-n^^/U') j^^pi/) - IH-^Ty-rvK — /U- 1, 3 (2H) - :t > 

; 4 - 2 - ( ( ( h V y Ji^ :^ ti ?i ^ /i' ) :^ :^ =l ji. ) :;t ^ iy ) - lH--<y-r> 

K — v'U-l. 3 (2H) -v^;^-^^;3. 3, 4, 4-7"h^^^/U-l- (((hy:7/U' 

:;t ^ ) - 2, 5 - D iy > iy >t R U Z tl ^ CO M ^ ^ t)^ m 30 

tf ^ n 6 . r ^ ^ ^ n /r* V ^l: ^ /U 7t^ — ;^ ^ K ^i 

1 ^ ±(D 1 ( ( (hyyyuj^-n;^^/!^) ^ ) -IH-fo — /U-2, 5 

- :^ V ; N - ( /u y /u :t :t ^ ^ > :^ Ji^ ^ /i^) :t ^ iy ) - 5 - y yu- 7}f /u ^ >^ - 2 
, 3 - ;^ ^ 5: K ; N - { { h ]) y /i- :t a ^ ^ :^ ji^ /i^ ) :t ^ iy ) - 5 - y 

/u >- - 2 . 3 ' iy :tf /u ^ ^ ^ K ; 1 - ( ( { h V y /i^ :t u "f- ^ 7ts =^ ) 
yt- ^ iy) -2, 5-t"nyv?>'::;^:^>^^t;tJ;i9*f$L<JlN - ((-^/u-^/Wi^ci^v^^iJ^V 
>^ :^ /i.) :t ^ iy) - 5 - y 4- V - 2 . 3 - /U ^ K X N - ( ( h 

yy/Uxfny^yu>^/U;t^^/W) - 5 - y /\^ ^ ^ ly - 2, 3 - :^ /U ij^ ^ y( ^ 

K ^ -g- tl' w ^ 755 ^ L 

[ 0 0 7 3 ] 40 

*^B^co;i<v^s;^ic^ov>T. ^ i^mm^^n. m m m \^ m i±n ^ m (o m yt ^ ^ \y y^ 

[ 0 0 7 4 ] 

*I^M<^^:^/^^TM±. ^r^n(:>^;*-h^tt^5><7)fl:f^. m m ^ ^ yf^ V - X it ^ 'J =^ - 

m^mm\zL.x. o. i h 2 s mm% (Dm.mx&^m ^ n ^ . y^thmi^j^st^^t. 0. 1 

h 1 5 mM% (D^m . ct'9$f^L<liO. i7!>^^i2Ml:%(DffiIS.;Sir>'Ml-J:*9$?^ 



( 21 ) 



JP 2004-38143 A 2004.2.5 



[ 0 0 7 5 ] 



^fi. » < \t I ^^ ± (D mm m ^ o mm^^t^v-^-jL\^^])=^'^-t^ft^i-^ii 

[ 0 0 7 6 ] 

^mm m fj: tf^-M^^j: ^ mmmm t \^ X : r ^ it^ ^ . ^ ^ 1^ m . lo 



^ ^ m <o mm m t \. X m m til r ^ >^ ^ ^ m t I. X \t : 9 ^ :y ^ y - . 

— , r ju ^ V2 ^ ju ^ y 9 ^ ^ ^ >^ V r ^ ^ m m . ^ y i^ r -r ^ - t 
/i-y^ \i K « Hi . mm - r /i^v" ^ mm . ^ ^) ^ - 2>.r j^^f \i y mm'BLn 

^f^'^pr-Ti^yywr^ Y y.\± :^ ^ ^ ^) ;v r ^ Y ^ if- ^) ^ — t it^ j^r jv-f }i Y h (r> 

-ryy^(CYMEL.feS) 300. 301, 303. 350, 370. 380. Ill 

6^TJ^1130C0J:5?'^. 1^^7^:y^tt, 3<^a. =^ ^ - \ — — ')\\ ^ ^:^y^V^<— ^ — 
y:/tcj;«9iaig$ixfc^7^:^S; i^-T^/^l 1 2 3&t/l 1 2 5(OJ:p/^-<>'y^r-:h 

^ ^^mm \ ^ ^ :^ \ i 70. 1 1 7 i^s^tj^i 1 72oj;5>'^i5^!J=ie7yyH»fli;;5.i;?. 

7:^^^-< — Nyu (BEETLE. 6 0, 6 5^U*8O;05^tfbtL5o 

[ 0 0 7 8 ] 

[ 0 0 7 9 ] 

^Ki^mtj:T % :y ::^mmM t LTfl. ^ (D mmm m h ^ : 

[ 0 0 8 0 ] 
[^b 7 1 



[ 0 0 7 7 ] 




(IV) 



40 



[ 0 0 8 1 ] 



• R 



, ^4 3!Z: L r H , ( C , - C 6 ) T ;R T>* ^ a: ^ t> jg 

• o v> r (7) » * L v^ r ^ S II . > 5^ yu & t>' 7" D yu T- 



50 



(22) JP 2004-38143 A 2004.2.5 



5 o 

[ 0 0 8 2 ] 

\^ X n : ^ y - ^ it^ mRxj^ . mmm. mm^. ^^mjLi-immm^x^h^n 

^ tK y - .1^ K ^ tf ^ ix 5 . Z ti h \^ m ^ ^ ti fj: o ttf ^ I. ^ ^ m 

^ ^ v- K . mf^=^ yf- ^ ^ym ( 011 ;t ii* ^ y ^ > r u :^ ^ y ~ (T) y 
/i-^-x/u) ^ ^ -r ^ m^yi^ V - . "w^:^ ^ > ¥ cz: {m^\^ . ;t?yy>5^v^^>7Ky 

'>v?/u^>5'^yu-h7Ky-^-) ^^i-S7jfy-^-;&5-g-^ix^^ ih/K^^-^k*!. 

[ 0 0 8 3 ] 

^mfj:=^:^^i^^^mn\^. i&^^&^/'^-mmRxf:^]) ^f-^-'A^hit^^m^^m^^ 
T*^5o m . ± m \t M mm X ^ < . m n ^ u x ^ ^ •> ^ m t r it^ ^ (o m 

. r tt ^ PI ^ $ n i/> o 

[ 0 0 8 4 ] 20 

\c ^ {-f ^ ^ \c:^ m fj: ^ ^ ^ m ^ n . ^ ^) f^^^ — ^ j\^t^^^ . co 

. — yu<taifc'^a/uh Ky>'<7>J:'9;^^, ia*JcD>5^nDt Kyv^oSiSt;!^;*? 

#^tl^#<ffi:7ciiy — yU(^i/y'>i//U3i — 7'/U(0iJx.{^, 2. 2- (2, 3-:3i7jf:3r^>>^ 

D 7jf ^ 31 y — ) :7" o (D v> ^ y V? ^ — 7" ) -e -5 o »f >J>^ -5 ^ y V' V/ ^ 

/Hc yf:y^yaLj— jvK:3L h ^ ^t: ^ ^ K to J: 9 /.^ :7 31 y — /u a :x jjf r^^. 

K;65feS.M»c:r<DacO3i7K^v-KtO0iJi:L-C(i.*H4#fFm3, 0 1 8. 2 6 2-^ (c is 

[ 0 0 8 5 ] 

* ^ ;t ffl ^'.e $f S ^ ^ V' K L T (1 : ^ t' iJ^ D /i- t K y > . ^ y K - . ^ y 30 

/i^ y ^ y u — h , p - — i> y — :/ ^ >^ in / — y V? /ix ^ — -7^ ( x. 

. ir^::^ — Xtt;5^bEP I - REZ 5 0 1 A<r>'^^n^X7^^^^f^^o:>) ; \f 7. y :xl J — 
yUACOv^^yv^v^/UJi — T^/P (v/3i;U>5r:^:;ty/UCo. ;5*^3i;jfv (EPON) 8 2 8. ^ 
7K:/1004^a^xc7KV1010;^U«i5^^<>-^;^7/UCo. ^^f>DER-331. DER 
- 3 3 2. ^U^DER- 3 34<Offifo^^T-A¥^"Jtg/.et><7>) . t:'^/Uv^^D^:^-|r>'v? 
:^^'>K («flJxJ^. ^^:^>^:3?7 — ^^-fKCorp. ;5^ibOERL-4206) . 3, 4- 
^TK^e/- 6 - y^ ^ )V ' v^^D^:^v^/^7«^/U- 3. 4 - iii;j<drv^- 6 - y^/l^v-^a^ 
:3r-fe:/;(7/U;if:^v^U— h . — ^<-<KCorp. ;?)>^(DERL-4 20 

1 ) . >^ ( 3 , 4 - ^ ^ V - 6 - y yl^ V- iJ' D ^ V- yu y ^ ) 7- ^ — |. ( 0ij ^ 
^ ^r^:^-^:* — y<>rK Corp. 7!>»^tOERL-4289) . tf>^ (2, 3-j:7K^v'V 40 
:J^n^V^/u) 31 — x/i^ (^Jxf^. ^jr^^V;^ — KCo r p. :0^biOERL - 040 

0) . ^ VI \f \^ y ^ ^) ^ - )VX*^^^ ^f^mmm^if^^ . ^::^^>;i;-yWK 

Corp. ;ei^b<7)ERL-4050^I/ERL-4269) . i/ ^ :^ ^ Y { ^ 

;tf^. ^::i;d->':*-^<-rKCorp. A-f3<DERL- 4 2 6 9) . iS^tt^Jjf^v'ltfli ( 
0»J;i{f. ^?'^>ir^;^/i.Co. Ti^PjA^^tfej'cfDER- 5 8 0, %{\L\f7.y^J — jVzjLif. i>ir 

v- flg ) . :7 y — /u ix r 7^ t K / 2i< 7 ^ <7> 1 , 4 - ^ > — >^ ^ y 

/U^ — X/U (0»Jxf^. y^?-^5::J!7yUCo. ;i^b<ODEN-43lSU?DEN- 4 3 8) 
u y y V? /i' ^ — /i^ ( 01] X. . =1 s/ — X V — . inc. 

[ 0 0 8 6 ] 50 



(23) JP 2004-38143 A 2004,2.5 





< 


n o 60 


yu ^ 




b 












yu (D 


b' yu ^ — 


7^ yu ^ tf b 




{CK^ ^ i^. »f 








. 1 




Si Ji» IS - 


yu, ;Kyj:^l^>'^ 


y 




. :/ a e u > 


^ y 


=1 — yu . ^ y 


y ^ u- >- ^ y 




— t>* y 








tf — 31 — 7^ 


yu ^ 


^ tf ^ 5 


o # * ffl 


< ^ >b - o 


^ yu ^ — -r yu S 




i- 






^ u y 


=j — . h y 


y 


^ \^ > - 1 , 


3 - v> — yu , m 




>^ 


^ y 3 — , h 


y ^ 


^ U > ^ ^) =3 




f 


u > y =j — 


>'^. hy:7'c2fc:'u>' 


y V 






y — 


yu s t;^ fc* ^ 7 


y — yu A # 


(O 


V? fc" — yU — 


7^ yw ;d5 ^ tf ib H 5 o 


[ 0 


0 


8 7 ] 






















T^ffl/^^iS/^r y yu®}^ 




# K f b -g^ 


. ii^±coryyug 






-^m-r ^ (D . 


fin 








COffifi IN 


TTyU^UvScor 






^ J: o r ® m 




T ^ t> <7) 


^ ^ c $f iS 


r 


y 3^ # ;^ 


11 . T y yi- >^ oi y — 


/I- CD 


J: 


5 ^'.^ r y zc 


^ yu 


^ ^ ^ 


o r y yu >^ ^ 


y 


- v^ ^ IS 


. y :^ J — jv^^SLt^ 


T 




u V S <7) r y yu 




J; 19 1 ^ ± 


CO ig (7) ffi e 




. lJl^Jl±C07:iiy — 




^ ^ 5 ^ / 


— 


X >K y -e - 






^ W (i , r 


yW:^eu>'Si&SJl:y 


n ^ 




yi- T' 5 > fiP ^ 


, y 


oi y — yu 1 


1^ ± CO a 






y 




y — yu ^ L T 


. :7 


y — /I^ T>* 


t K n :3f ^ 




X T yu X t K 


>S: . fl: T y yu 60 


J: 5 




T y yi- ^ K 






f> n 5 o # < 


CO 


» ii r y yu 


>^ y - yKi , CBJ X. 


. 




^ ^ — T K 


^ y 


> Inc. 






v> ^ - V- - ,J^^ 


, y h yu yu — ) 






-y- - :y ( 


T H 


E R M A X ) 


S H • 15 0 


A 


R CO ^ p"p 






A 


^ ^ /.e r y yi- 


y :n 


y — yl^ 5 


o r y yu 


y 


— yu ^ ^ tp r 


y yi^ :7 yu ^ 












S ffl *3 V^ 


T 








4 . 9 8 7 


, 2 


6 4 tC P ;^ 


$ i^ T v^ S o 








t 0 


0 


8 8 ] 














m \^ 




^ L 


T . ± IS ^ 


I V ta « $ 


n 


S t CO J: 5 


y h:^r>^y^ywgg| 






^ t5 7< b =^ 






!^ y /KO J: 5 




1 J!^;^ ± CO y h 




-r 5 




(7) ^5 ^ tf ^ n 5 




=3r y h ^ 


y yu y ^ ^ 




fl . » ^ b 


y h^^v-y^yi^Eife 








tK ^ . J: »9 ^ 




u < ji y h =3?- 


':yy ^yufiJfeS«l3co 


1 "^js 


± 


(7) ;^ ^ yu tK * 




y >- . » ^ L 






« ^ tt 6 CO 




o T 








. 1 _h o y 


h v- :7 yl- ^ 




y ^ yu iS. / 


X fl y h =3f- V/ >^ yu 


:^ D 






CO tf b 






:7 ^ {fc: ^ ti (7) 0ij ^ L r *i . 


^ 1^ 


7< 


h ^ >^ yu n 




rj^^i^ ;^ h 




:7 yl^ :^ n 


y^yt'y^^:^coj; 






N =^ yw n 




^ V :7 yu 




y ^ /u- - H m 


y7^>'^fct;^^y=' 


y 




^ tf ^ n ^ o 




. » iS CO {± 


. ^ :y IL ^ 




>^ IS S'j ^ s o 5 s CO ffi 




T 


. <S 


:y 0 lb $ n r V^ ^ 






0 





[ 0 0 8 9 ] 



^^^t:'a^iKl^-g■tPw<!:;5S»^LV^o *^^com/*^f-*3tt6*r<«^tii5JJco«S»i. itg^W 40 
J[AV^ttHF^T*^®JL^#5o ^ii?:i^«a^1®^JSS;^5^^S^Jco^lt:ti^l/^(Dmfi)c^cO:^fls: 
Wffii^^cDMSlcj;i9^il}Lt#^wi:*iaiS«l-ct'9^i^^tb^T**>5^o AM6^l^il, 
$J51S?PJfli(yi^^<Oi^SfiSr^i|HcLT0. l3&^^80fia%.»^U<J10. 5;6-t550 
%<Offiffl. J;'9iff*U<*il;!)-P>2 5%tC|iScoSr'#aE-rSo SSIS^JH. *M§^cOi|a^ 

d ib^ T ffi $ n S CO » ^ L v^o 
[ 0 0 9 0 ] 

2ts:%^co7;j-h>fy-v?pTgB>'j:«afi!c:ifell. ffi^(cMJCi4^X±^oii^(0^55'Sr'&tfr<^;55r* 

•t^-. 5feJ^^JS.u*^i|i^^r'^ 6 . r n ^ CO PS ^ ^ IN o ^ ^ ^c *D VN T (1 . J^^^ 
:&D^PJ^i.ASW^ctl:*:m^4^cD7:5^^;^fc'-K^fl^t-6c7)(;I^^ffl$n'5o»f;6-Stt 50 



(24) JP 2004-38143 A 2004.2.5 



[ 0 0 9 1 1 

:^^m<o y :t h >( - v^-^m^^^mn . \^ m \^mm ^ tin ^ . m^\^ . 

[ 0 0 9 2 ] 

3 5fifi%r*^{bi-5o ^ :y ^< ^ :^ — IRXJ^y V ^^^^ . y>(j\yM.^— ^r^ii^^ 

[ 0 0 9 3 ] 

T'^r^'^^^S^OSff^^^fi. n m ^ ^ ^ ^ <D > ^ '^m. . ^^St7:>tt^. 20 

[ 0 0 9 4 ] 

Tasgji. AM«J^r^iJbl^^lll^7)v^-rtL:^-^^£ffl l x m ^ ti x n ^ - h ^ttSo 

tl.*MWt;itiO. 05;d^P>l/im.»*L<tiO. 1 f)^ h 0 , 5 ^ m R X ^ iij- ^ I. < 
fiO. 1;^^^0. 3/2m"Cfe5o 
[ 0 0 9 5 ] 

^RXJ^y it h y hffl^iKitciscTASWt-fiiKji i o om i X c m^(ommx ^ 

[ 0 0 9 6 ] 

^^m(Oy:th^?^ — i^'^mm.^m^:^. 248. 193, l5 7nmiSlt/ll-15nm 

^mm t ^\zmm ^ tin ^ o 

[ 0 0 9 7 ] 



( 25 ) 



JP 2004-38143 A 2004.2.5 



^ Jl- ^ JUT ^ (O X 0 tg:m^ <0 T ^ \ v^:t^y — yUT^^-. h ]) ^ ^ y — JU T 

[ 0 0 9 8 ] 

- iy\X . ^\^m.mK^^^^ ^ ^ V ^ :y <n =^ y :y if \z. X. ^T^3^J^TlFI5gJc 

( 0 0 9 9 1 

- m{cr )v ^ z=^ ^ K ^ m.\\Li^ ^ ^ y ^ y ^ ^ . m . ^ev^v (sp 

i n - on) ^mmmp^Rv^y^i^'^^iyxitit^mmmmmmf^^fy^. ^^mco y 



iie^ic*-r5o #f®7:c*#^K3S<^LTH, y ^ - . ^ y y - . y. ^ ^ h y ^ 

5 /c i6 tc: . 2g ft ft . * M 6^ Ci ft 1 ± (7) K - :/ ^ -g- ^ i" -5 . ^ /u .z. (1 . 
[0101] 30 
H T* & 5 o 



^ >- ^ . ;^t*>'=3— -r^r^^^, :7^.yK=3— ■t^.^':^^ (f i ood coa t i ng) . 
^m, ^ y — . y^zr\^— y-^^^^^ m^^— 'r^:yVXitVy-fy^/\-J^tLX<D^ 

0 ^j^iiM (D ^^{z. X ^ , &i^±\^:^m^^(Dm^M:V}i^z.mm^-^^:i 1 1,^ x ^ mm ^ tin 

Mmm^<DXofj:miFmm(omi^^^i^\^^x&m:^tihmi$^t^m^fhtihii^. :iti ^ 
ft$n/<^i>o '^\^tt!-m^j:mi^ t 1.x n . mmf^m^Rv^mm^mmm. T^yvhisj^gts 
p^^m Rxj'^^m . Mmjmm<Dmm\^i^m^t^h^:xi-y^Rxfm^y'^^yi^- ( tlc 

Dj ) y :^ mt^^t^ . m h ti h o 
[0103] 



[0100] 



20 



[0102] 



( 26 ) 



JP 2004-38143 A 2004.2.5 



(Wh . 2 5X:) h I 7 0 X. (D i£W: (o m \^ X tj: ^ ti m ^ . mf)-^^it^^ 

[0104] 

"Ct- b I 7 0 X (7) ?a S t;i I N T ® ft ^ n S o ^itf^mam{t\^m^t>^. 3 0 

h m I ^mx ^ ^ o mt^ \z M ^ n ^ t> n X n fj: . ft: ^ t* co «c ^ u x /u 

0. SNcomStX^m^ti^o ^^?^c^31tRli. ^^#<7)tg;^j(D®HF^T*^5o Sf^^^S. 
[0105] 





^ T . 


S& fl , S ^ 


\t 




y 


:7 n — X 


s w ^ n 5 






t-x ^ ^ . m 




m mm it am 




T fl . ^ft 


Jl 








X r =f >- CD 


J: 


9 ^ St 




*5 V> T 1 3 0 




^ 2 2 5 *C 


CD 








T APUft ^ 






S «g ft: X S (± 


, m 






it -r 5 ^ <^ t> 








CO m 




i- 5 r ^ 


i: 




ir ;^ :^ 




>- y - Tti^ b 




t K n 












ffi ffi ^ ^ ii^ ^> -r 






n y 


^ — ^ ^ 3E L 






















I 0 


10 6] 


























ft ?S (1 . A M 6^ 




^ r :s: tj^ ^ ^ 




K 




L . 








it 


T {& ffl Jfr 








« & S& Jl . 


1 






1 


. 5 5 <D 








r <^ -r s o 


AM 


« « . » jg 




"7 V Y 1 




3 




1 . 


5 4 <D m 


Sf ^ ^ ^i" s 


0 






[ 0 


1 0 7 1 
























^' y 






± it S ^ 






CD t> 


$f ^ 




L ^ ^ ^ K 


m 




37 h ?ii ft: 






^ fl* . *1 










T y ^ 














K S ± it « 








> — 




^ S 3t ffi «c 




^zm^ ^ tl ^ 








^ <D'^^ :^ - 


















9 y Y m n . 




^ V V Y m hWi 




X fi M 0 T 










L b 


> — ^ =7 y 


K 


m 


^ !>' m — ^ y 




® lg 5f ^ n . 




— r- s # 


X 




s 0 




^ "7 y Y 


. -ie CD m 


SI 


it 


^ tl . jLii y 




S! jffl ^ ife (75 


% 


^ (c *3 r ti 






- V? 


$ n 






e 




I 0 


10 8] 


























ir ;^ =^ ;^ ^ 1^ 




y - :r 




y 


-V — 


fi . 


:^^mm^ (D ^ =7 7 Y 




xj^y xit ^ T {z. 




5 «e ^ (;i » iS T 




So » ^ L < 


vt 




2|c 3t M ^tt ( p h 


0 t 0 d e f 


i 


n 


able) m 




11 . ^ ^ « c7) 


;3 




(D 






yuir >^ ^ :^ 




>' 


:t D =f -7 - ^ 



30 



/xi'xyjthf^\±f^^(DmRv^mm^mit^^^:it{cx^«siE^ti'S^o x . 

[0109] 

^mfm9x^m^ti^^x<Dxti9!iA\mm^ti. ^mm^^^WT^^ti^o »i<o0m^^Mm 
mn. * % ^ <D «aj ^ -c *5 s o 
[01 10] 

^jffi0iJl:a-^^/U. 4-r-t5^/U^>'ixyUhyt^^OD'>^>^<D^fig 50 



( 27 ) 



JP 2004-38143 A 2004.2.5 



^^tt. Pd (OAC) alOing&tKhy>':ii:=^yUJ^;^7>f'>4 0mg^t/hyU^>l 

0 m \ t^^^m ^ tifc. in-^^ji. ^m.x*mw ^ titz o 2 s <d p - t h ^ ^ :y r-m 
^ titzo m^m^t . 5 0 °c \c ^ X 1 0 ^ m . ^ ti . 't(D^^mmRx^mKft^mm^'M: 

[0111] 

MMM 2 : a - ^ /U , 4 - T ± ^ >^ /U h y^nni/^^^ffiffibfcTjfy-v-— -g^i^ic 

1 5X:\Ct3\f^XWt^M(D h^'UJiV-cfitcgE^SCOa - ^^/U. 4 - T-fe^/U^Vv^7U h y ^ 



ft^^fl:(;DTHFT*^«?$n. TKT'^t^^n (2(hJ) . 5 0t:{c:^6V^T. 2 4B#Pb1. SE^I^ 
[0113] 

^"S^m z \ -7 V \^ 'J ^ V mmi^v^ V ^ =7 y —niL 

[0114] 

[01151 30 

3}fy-^-. :^g^;(3P^j (hov^-Y-:^^ (Troge r' s ba s e) ) R ^ m ^ \k 
m {RO-8^^^\±m) Jl> >^nei^>'i/yri-/^;^^/U^-7"/wrir7"-h (PGM 

EA) (Dmmt\^xmM^titio y :t h^^^m^^. m.m:^^/i-mmti.xmm^tLfzo 

ia-g^^tvfcUv?^ hcO]S^J^^^>^U>' Kti. 9 0 : 1 0 v/v PGMEA : ?LS^^^/^T 
^ofco :1^y'^-fi. ±i5^^£0iJ2^c:^o^/^T®^afi^;}^fcil^9T*fc'5o :7;rh^^^3J^5^' 

^ h y :t ^ ly-^f > :^ — V h h o ^'^mii^m (hn-i:;^^— i^^) 

@ff^5>^^i^l-L-C0. 5 6 3^4^^ — ir^h(7)fiT-^¥aEi-6o ^S^tt^JJ (RO- 8 
. 3M1±JS) li.i^@?l^5>^S2»(cUro. 2m^/^-ir>'h(^)Sr-1^ft-r-5o 40 
[01 1 6 ] 

T Umf^^m^-t . 18. 2 6fiS:/>-ir:/hcoS?i^»X*iE-^^ixfco POME 
A : fLK^^/^Ol/^■fn75^<O^^S<^: bX^g^O^iX. 8 0 : 2 0 v/v PGMEA : fLK^ 



[0112] 



[0117] 



( 28 ) 



JP 2004-38143 A 2004.2.5 



4Snmik^mxm^^tl. 90°C^C:^oV^•C90S?r^.^®^-<— 0. 26NT 



[0118] 



[0119] 



L 



( 29 ) 



JP 2004-38143 A 2004.2.5 



(SDlnt.Cl.' 
// G 0 3 F 



7/26 



F I 



H 0 1 L 21/30 
G 0 3 F 7/26 



5 7 3 



5 11 



(74)fCSA 100112586 

(72)%W# i^B-i^ ' • 

y ;^^^a-^1^^^— 1r:y:y!mo 1 5 2 2. v^ai:7z — y>-, h - 1566 

(72)^|^# • :^7^:^1^/V^•v.- 
T;^ y :;^^*a-^1^^zL— ir 5/:V^+IO 1 5 4 5, V^ZL/U— ;^^!J— . 3— . ^l^^;;^ . 3 
4, r-''?- >- h • 8 

(72)^M# -^^^zL- . :r.- . :3r>i/ 

T;»« y t 0 2 1 3 4. tK^Hv. :3(es>^X • >^ h y — h - 2 6 , T^n— 

h;^ > h • 1 

Fi^'— ^(##) 2H025 AB16 ACOl ADOl ADOS BEOO BGOO CB33 CC20 DAll DA29 



FA03 FA12 FA17 FA41 
2H096 AA25 BAOl BAll BA20 CA05 EA02 FAOl GA08 KA02 
4J246 AA03 AB06 BA020 BA12X BA120 BBOlO BB012 CA270 CA39M CA53M 

CA64X CA640 CA99M FA061 FAI21 FA151 FA171 GB04 GD08 HA15 
5F046 NAOl 



( 30 ) JP 2004-38143 A 2004. 2. 5 



1 Title of Invention 

PROCESSES FOR PRODUCJNO SILANE MONOMERS AND POLYMERS AND 
PHOTORESIST COMPOSmONS COMPRISING SAME 



2 Claims 

1 . A method for preparing a photoresist composition, comprising: 

a) producmg a monomer by reaction a vinyl caibocyclic aryl ester 
compound with a silanc compound and polymerizing the monomer to provide a 
siloxane polymer; 

and 

b) admixing ihe polymer with a photoactive component. 

2. The method of claim ) wherein the carbocyclic aryl compound is a 
substituted phenyl compound. 

3. The method of claim 1 wherein the carbocyclic aiyl compound has the 
formula CHi^CII-C^] i4-ester. 

4. The method of claim 3 wherein the ester is -OC(=0)R wherein R is 
optionally substituted Ci^Ikyl. 

5. The method of claim 3 whoelo the ester is -OCC-OX^ J3. 

6. The method of any one of claims 2 through 5 whcrem the phenyl group 
is 1,4-substituted or ]3*substituted. 

7. 'I1ie method of any one of claims 1 through 6 wherein the sihme 
compound is selected from the group consisting of a trihalosilaoe, a trihydroxysilane^ 
and a trialkoxysilane. 

8. The method of any one of claims I through 6 wherein the silanc 
compound is a trihalosilane. 

9. The metfiod of any one of claims 1 throi^ 6 wherein the silane 
compound is a trichlorositane. 
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10. The method of any one of claims I thnnigh 9 wherein the silanc 
compound and the carbocycHc aiyl compound arc reacted in the presence of a 
phosphinc reagent- 

11. The method of claim 10 wherein the phosphinc reagent is a 
Iripheoylphosphine. 

12. 'fhc method of any one of claims 1 through 1 1 wherein the silanc 
compound and the caibocyclic aiyl compound arc reacted in the presence of a metal 
catalyst. 

13. The method of claim 1 2 wherein the silane compound and the 
caibocyclic aiyl compound are reacted in the presence of a palladium compound, 

14. The mcfliod of claim 13 whercm the palladium compound is a PdOl) 
compound. 

1 5. The method of any one of claims I through 14 wherein the siloKanc 
polymer Is obtahujd by polymerizing the monomer In the presence of compound 
having multiple reactive nitrogen moieties to provide the siloxane polymer. 

16. The method of any one of claims 1 through 15 wherein the photoresist 
composition is a chemically-amplified positive-acting resist 

17. 'ITie method of any one of claims 1 through 1 5 wherein the 
composition Is a negative-acting resist. 

1 8. Ihc method of any one of claims 1 through 1 7 further comprising 
applying a coating layer of ihc photoresist composition on a substrate; exposing the 
photoresist coating layer lo pattcmcd activating radiation; and developing the exposed 
photoresist coating layer to provide a resist relief image. 
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1 9. Tho method of claim 1 8 wherein an organic polymer composiiion is 
applied to the substrate and ihc photofcsist composition is applied over the polymer 
opposition. 

20. The method of claim 18 or 19 wherein the photoresist layer is exposed 
with radiation having a wavelength of less than about 300 nm. 

2L The mcttiod of claim 18 or 19 wherein the jrfiotoccsist layer is exposed 
with radiation havmg a wavelength of less than about 200 mn. 

22. The method of any one of claims 1 8 dirough 1 9 wherein the substrate 
is a microelectronic wafer. 

23. A photoivsist composition compnsuig a photoactive component and a 
siloxane polymer obtamable by producing a monomer by rcacUon a vinyl carbocycllc 
aiyl ester compound with a leactivc silaac compound and polymerizing the monomer 
to provide a siloxane polymer. 

24. TTic photoresist composition of claim 23 whcreiA the carbocfyclic aryl 
compound is a substituted phenyl compound. 

25. The photoresist composition of claim 23 whereto the caibocyclic aryl 
compound has tho fonmula CHi'^CH-QHrCster. 

26. The photoresist composition of claim 25 wheiein the ester Is 
-OC(=0)R "whmm R Is optionally substituted Ci-^^Ilcyl. 



27. The photoiesist composition of claim 25 )^**crcin the ester is 
-0C(-0)CH3. 
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28. The photoresist composition of any one of claims 24 through 27 
whciein the phony t group Is 1,4-substitiited or ),3-sabstitiitcd. 

29- The plioioresist composition of any one of claims 23 through 28 
wherein the silanc compound is selected from the group consisting of a irihalosilanc. a 
trihydroxysilane, and a trialtcaxysilane. 

30. The photoresist composition of any one of claims 23 through 28 
wherein the silanc compound is a trihalosilane. 

3 1 . The photoresist composition of any one of claims 23 through 28 
wherein the silanc compound is a triehlorosilane. 

32. The photoresist composition of any one of claims 23 through 3 1 
wherein the silanc compound and the carbocyclic aryl compound are reacted in the 
presence of a phosp^inc reagent. 

33 . The photoresist composition of claim 32 wherein the phosphinc 
reagent is a tripheoylphosphine. 

34. The photoresist composition of any one of cl^'ms 23 through 33 
wherein the silane compound and the caitoocyclio aiyl compound are reacted in Ihe 
presence of a metal catalyst 

35. The photoresist compo^tion of claim 34 wherein the silano compound 
and the earhocyclic aryl compound arc reacted in the presence of a palladium 
compound. 

36. The photoresist composition of claim 35 wherein the palladium 
compound is a Pd(H) compound. 
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37. The photoresist composition of any one of claims 23 through 36 
wherein the siloxanc polymer Is obtained by polymcriztog the monomer In the 
piesence of compound having multiple reactive nitrogen moieties to provide ihc 
siloxane polymer. 

38. The photoresist composition of any one of claims 23 through 37 
wherein the photoresist composition is a chemically-amplified posiiive^aciing resist 

39. The photoresist composition of any one of claims 23 through 37 
whciejn the composition is a negative-aciinfi resist- 

40. A method of fonnuig a photoresist relief image, comprising: 

(a) applying a coating layer of a photoresist of any one of claims 23 
through 39 on a substrate; and 

(b) exposing and developing the photoresist layer to yield a relief image. 

41. The method of claim 40 whciolA an organic polymer composition is 
applied to the substrate and the photoresist composHlon is applied over the polymer 
composition. 

42. The method of claim 40 or 41 wherein the photoresist layer is exposed 
with radiation having a wavelength of less Aan about 300 nm. 

43. The mcfliod of claim 40 or 41 wherein the 0iotorcsist layer is exposed 
with radiation having a wavelength of less than about 200 nm, 

44. The method of claim 40 or 41 wherein the photoresist layer is exposed 
with radiation having a wavelength of about 248 nm or 193 nm. 

45. An article of manufacture comprising a microelectronic wafer substrate 
or flat panel display substmte having coated thereon a layer of the photoresist 
composition of any one of claims 23 through 39. 
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46. A method for producing a Si polymer comprising: 

producing a monomer by reaction a vinyl cartjocycHc aiy) ester compound 
with a reactive sllane compound and polymerizing the monomer to provide a siloxanc 
polymer. 

47. The method of claim 46 wherein the carbocycUc aiyl compound is a 
substituted phenyl compound. 

48. The method of claim 46 whercm the carbocycUc aryl compound has 
the formula CHr=CH-C6l!4-ester. 

49. The method of claim 48 wherein the ester is -OC(«0)R wherein R Is 
optionally substituted Cj^alkyl. 

50. The method of claim 48 wherein the ester Is -0C(-O)CH3. 

51 . The method of any one of claims 47 through 50 wherein the phenyl 
group is U4-sttbstitutcd or 1,3-substituted. 

52. The method of any one of claims 46 through 5 1 wherein the silanc 
compound is selected from the group consisting of a trihalosilane, a trihydmxysilanc, 
and a trialkoxysilane. 

53. The method of any one of claims 46 thioagh 52 wherein the silane 
compound is a trihalosilane^ 

54. The method of any one of claims 46 through 52 wherein the silanc 
compound Is a trichlorosilane* 
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55. The method of any one ofclaims 46 through 54 wherein the silane 
compound and the caTbocyclic aiyl compound arc reacted in the presence of a 
phospMne reagent. 

56. llie method of claim 55 whcrcm the phosphine reagent is a 
triphenylphosphine. 

57. The method of any one of clahns 46 through 56 wherein the silane 
compound and the carbocyclio aryl compound arc reacted in the presence of a mcta) 
catalyst. 

58. The method of claim 57 wherein the silanc compound and the 
caibocyclic aiy] compound are reacted in the presence ofa palladium compound. 

59. The method at claim 5S wherein the palladium compound is a Pd(n) 
compound. 

60. The method of any one of claims 46 through 59 wherein the siloxanc 
polymer Is obtained by polymerizing the monomer in the presence of compound 
having multiple reactive nitrogen moieties to provide the sUoxane polymer.. 

61 . A polymer obtained a method of any one of claims 46 through 60. 

62. A method for producing a Si monomer comprising: 
reacting a vinyl corbocyclic aryl ester compound with a reactive silane 

compotmd to provide the monomer. 

63« The method of claim 62 wherein the caibocyclic aryl compound is a 
substituted phenyl compound. 

64. The method of claim 62 wherein the carbocyclic aiyl compound has 
the formula CH2=CH'C6H4-esifir. 
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65. The method of claim 64 wherein the c^tcr is -OC(~0)R wherein R is 
optionally substituted Ci^^lkyL 

66. The method ofclaim 64 wherein tiie ester is -0C(=O)CHj. 

67. The method of any one of claims 62 through 66 wherein the phenyl 
group is 1,4-substituted or 1»3 -substituted. 

68. The method of any one of clahns 62 through 67 wherein the sllane 
compoui>d 15 selected irom the group consisting of a trihalosllane, a trihydroxysilane, 
and a trialkoxysilanc. 

69. The method of any one of claims 62 through 67 wherein the silanc 
compound is a tribalosilanc. 

70. The method of any one of claims 62 tiirough 67 wherein the sDane 
compound is a trichlorosilone. 

71 . The method of any one of clahns 62 through 70 wherein thcsilane 
compound and tlie carbocyclic aiyJ compound are reacted in the presence of a 
phosphinc reagent. 

72. The method ofclaim 71 wherein the phosphinc reagent Is a 
triphenylphosi^ine. 

73. The method of any one of claims 62 dirough 72 wherein the silane 
compound and the carbocyclic oryt compound are reacted in the presence of a metal 
catalyst 

74. The method ofclaim 73 wherein the silane compound and the 
carbocyclic aryl compound are reacted in the presence of a palladium compound. 
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75. The method of claim 74 wherein the palladium compound is a Pd (II) 
compoand, 

76. The method of any one of claims 62 through 75 wherein the siloxane 
polymer is obtained by polymerizing the monomer in the presence of compound 
having multiple reactive nitrogen moieties to provide the siloxane polymer 

77. A monomer obtained by a method of any one of claims 62 through 76. 
78- A compound that Is CH3(SiCl3)CH-QM4-ester. 

79. The compound of clahn 78 wherein the ester is -OC{- 0)R wherein R 
is optionally substituted Ci^lkyl. 

80. The compound of claim 78 wherein the ester is -0C(=0)CH3. 

81 . The compound of any one of claims 78 through 80 wherein the phenyl 
group is 1,4-substltuted or Iy3-substftutcd. 

82. A method for producing a photoresist coraposhion comprising: 
providing a SI polymer by steps comprising producing a monomer by reaction 

a vinyl carboeyelic oryl ester compound with a reactive si lane compound and 
polymerizing the monomer to provide the Si polymer; and 
admixing the polymer with a photoactive component. 
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3 Detailed Description of Invention 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to new Si<:ontaining monomers and methods of 
synthesis of such monomers; polymers produced from such monomers; and 
photoresists that contain such polymers as a resin components. Photoresists of the 
invention arc particularly useful for multilayer lithographic i»ocessing. 

2, Background 

Pliotoresist$ ore photosensitive films used for transfer of images to a substrate* 
A coating layer of a photoresist is formed on a substrate and the photoresist layer is 
then exposed through a photomask to a source of activating radiation. The photomask 
has areas that arc opaque to activating radiation and other areas that are transparent to 
activating radiation. Exposure to activating radiation provides a photoinduced 
chemical transformation of the photoresist coating to thereby transfer the patteni of 
tlie photomask to the pholorcsist-coated substrate. Following exposure, the 
photoresist is developed lo provide a relief image that permits selective processing of 
a substrate. 

A photoresist can be either positive-acting or n^ative*acting. For most 
negative-acting photoresists, those coating layer portions dint arc (deposed to 
activating radiation polymerize or crosslink in a reaction between a photoactive 
compound and polymcrizabic reagents of the photoresist composition. Consequently, 
the exposed coating portions are rendered less soluble in a developer solution than 
unexposed portions. For a positive-acting photoresist, exposed portions are rendered 
more soluble m a developer solution while areas not exposed remain comparatively 
less developer soluble. 
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'|1i6 increasing density of integrated circuits has created a need for higher 
resolution patterning capabilities. One method of improving resolution involves using 
a shorter wavelength light during pattern fonnation. Shorter wavelengths of 
approximately 200 to 280 nm may be obtained by using a deep UV C*DU source 
such as a mercury/xenon Cllg/Xd^ lamp with appropriate filters. Additionally, KrF 
(248 nm) or ArF (1 93 nm) excimer lasers may be used as exposure sources. 

In addition to using shorter wavelengths during exposure, it is also desirable to 
use a thinner layer of resist. However, the major drawback of using a 4iin layer of 
resist Is that the variation of resist thickness over a diffusion step on a substrate and 
mto an etched pattern increases as the pattern size becomes smaller. This variation 
means that the dimensions of any pattern being imaged in the resist will vary as tiie 
step geometry is traversed. Therefore, in a shiglc layer resist system, the lack of 
dimensional control on the wafer can create different line widths throughout the resist 
which reduces the quality of the electronic package. 

To improve dimensional control, bilaycr (or bilevel or multilevel) resist 
systems have been utilized. In a typical bilevel sysiem» a bottom resist is first applied 
to a substrate to planarizc wafer topography. The bottom resist is cured and a second 
thimier Imaging top resist is then applied over the bottom resist. The top resist is then 
soft baked, and patlcvncd (or imaged) using conventional resist exposure and 
dcvelc^ment, followed by etch transfer of the top pattern through the bottom resist 
using the top resist pattern as an etch mask. Scc^ generally, Sugiyama et al.. Positive 
Excimer Laser Resists Prepared with Aliphatic Diazoketones, Soc. Plastics Eng^ 
Conference Proceedings, pages 51-60 (Nov. 1988): and U.S. Patents 4,745,169; 
5,338,818; 5.691,396; 5,731,126; 6,296,985; and 6,340,734. 



SUMMARY OF THE INVENTION 

We have now found novel Si-containing monomer and siloxane polymers 
produced therefirom and methods for synthesis of those monomer and polymers. 
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Polymers produced through methods of the invention are particularly useiiil as a 
photoresist resin component. 

Preferred monomer syntheses of the invention include reacting a vinyl 
carbocyclic aiyl ester compound with a nsactive silane compound. 

Preferably^ the cacbocyclic aryl compound Is a substituted phenyl compound; 
e.g. a compound of ihe formula Cl!2=CH-C«H4-cstcr, That ester group Is preferably 
of the formu)a-OC(K))R wherein R is optionally sub^ituted Ci^lkyU preferably an 
acetyl group i.e. -C>C(=0)CH3. The i^enyt group can be substituted in any number 
of positions e.g. 1 ,4-substitutcd or I >3-substiUrtcd. The carbocyclic group also may be 
suitably substituted at ring positions by groups other than an alkene and ester, e,g. by 
halo, CMalkoxy, Ci^alfcyl, niiro, cyano, etc, 

A variety of reactive silane reagents may be employed, with trihalosilancs, 
trihydro^silanes^ and trialkoxysilanes being preferred. Particularly prefeired are 
iiihalosilanes^ especially trichloiosilane. 

Preferably, the silane compound and the substituted carbocyclic aiyl 
compound are reacted in the presence of a phosphlne reagent such as a 
triphenylphosphinc or other suitable phosphinc reagent. Even more prefeired Is to 
conduct the reaction in the presence of a metal catalyst, such as a palladium reagent, 
particularly a Pd(n) compound. 

The reaction preferably adds the silane reagent across the vhiyl group, 
particularly forming a carbon-Si bond to the more substituted alkcne carbon. In the 
case of a vinyl phenyl compound, the reaction preferably provides a benzyllc silane 
group. More particularly^ by reacting die caitxx^clic aiyl compound of 
CHa«CH-C6H4-cster with a tnhalosf lane, a preferred reaction product is 
CH3CH(Sl(halo)3)-C6H4-ester, Tliat monomer then can be polymerized to provide a 
siloxane polymer. As discussed below, preferred methods of polymerization include 
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polymcrizlng the Si-monomcr in the presence of compound having multiple reactive 
nitrogen moieties to provide the siloxane polymer 

Polymers of ihe Invention are particularly useful as a resm component of a 
photoresist composition. Typical photoresist compositions of the invention wilt 
contain a photoactive component, e.g. one or more photoacid generator compounds. 
Chemically-amplified positive-acting photoresists will contain a component that has 
one or more photoacid-Jabile disblockiog groups^ e.g. a photoacid-Iabile acetal or ester 
group such as t-butylester or adamantyiesten Such photoacid-labilc group(s) suitably 
will bo substituents of silicon-containing resin, e.g. the photoacid-labile moiety mvy 
bo grafted onto a phenolic group of a formed polymer,but the resist also may contain a 
separate component such as a separate oligomer or polymer that contains such 
phoCoacid-labile group(s). Negative-acting resists of the invention typically will 
contain an agent for crosslinking of one or more components of the resist, typically a 
sepamtc crosslinker component soch as an amine-based reagent, c.g. a melamine or 
bcnzoguanamine resin. 

Photoresists of the invention are particular useful for hnaging at deep UV 
wavclcngtiis, particularly sub-300 nm wavelengths such as about 248 nm. 
Photoresists of the invention also can be imaged at shorter wavelengths, e.g. $ub-200 
nm such as 193 nm and 157 nm. 

Photoresists of the invention are preferably employed in muhilayer 
lithography systems. More particularly, preferred uses of resists of die faivention 
include application of a first organic polymer coating on a substrate^ e.g. a 
microelectronic wafer, and applying thereover a photoresist of the invention. The 
organic bottom layer suitably may be non-photoimageable (e.g. not contain a 
frfiotoacid generator compound) but thermally crosslinkcd prior to application of the 
top resist layer. The bottom layer may comprise a phenolic polymer such as a 
novolac admixed with a thermal acid generator compound and a crossllnte-. Use of 
such a bottom layer can enable application of veiy thin top resist layer. 
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The invention also provides methods for fonning relief images, including 
methods for forming a highly resolved relief image such as a |>atteni of lines v^cre 
each line has essentially vertical stdewalls and a line width of about 0.40 microns or 
less, and even a width of alsout 0^5, 0^0 or 0.16 microns or less. The invention 
further provides articles of manufacture compising substrates such as a 
microelectronic wafer substrate, optoelectronic substrate or liquid crysial display or 
other flat panel display substrate having coated tfiereon a polymer, photoresist or 
resist relief Image of the invention. The invention also includes methods to produce 
such articles of manufacture, which comprises use of a photoresist of tho invention. 

The invention also includes monomers and polymers obtainable or obtained by 
a method of the invention. Other aspects of the invention are disclosed Infra. 

DETAILED DESCRIPTION OF THE INVENTION 

As discussed above, preferred monomer syntheses of the invention include 
reacting a vinyl carbocyclic aiyl ester compound with a reactive silanc compound. 

The following exemplary Scheme I depicts a preferred synthesis of the 
invention with preferred reagents and conditions. It will be understood however that 
that a variety of other compounds and conditions can be employed In a similar manner 
as described below with respect to the exemplified compounds and conditions. 



SCllBMEI 
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I) Polycondensation 





( 44 ) 



JP 2004-38143 A 2004.2.5 



-6- 



As shown in Scheme I, vinyK ester carbocycHc aiyi compound I is reacted 
with reactive silane reagent 2, which is shown as a preferred trihalosilane reagent. As 
discussed above, the reaction is preferably conducted in the presence of a pho^bine 
reagent such as a triphcnylphoshinc and even more preferably In the presence of a 
metal catalyst, such as a platinum* nickcl» palladium or other suitable catalyst, 
preferably a palladium catalyst such as a Pd (IT) reagent 

The reaction can be conducted under a variety of conditions. Optimal reaction 
conditions can be readily determined empirically for any particular system. One 
particular protocol provide charging a reaction vessel with the substituted carbocycHc 
aryl reagent and phosphine and metal catalyst if employed in a suitable solvent such 
as tctrahydrofiiran or an aromatic solvent such as toluene or xylenes. To that mixture^ 
the reactive silane reagent can be added over time, and the complete reaction mixture 
stirred until reaction completion, typically at an elevated temperature such as nt least 
about 40*'C. 50®C, 60*C or 7tf*C to provide monomer 3. Sec Example I which 
follows for exemplary preferred reaction conditicxis. 

Monomer 3 then cxm be polymerized with itself or with other monomers to 
form higher order polymers. After formation of polymer 4, the ester of the 
carbocyclic aryl group can be cleaved (e.g. hydrolyzcd) to provide the corresponding 
carbocycHc aiyl with alcohol substitution, e^. a phenolic group as generally 
exemplified by polymer 4 In Scheme I above* The ester can suitably be deprotected 
by treatment with strong base or other appropriate procedure. The thus produced 
carbocycHc aryl alcohol (e,g. phenol) also then can be further functtonatked, e.g. by 
reaction with a vinyl ether to provide a pbotoacjd-labilc acctal group, or with acid 
chloride to provide a photoacld-labilc ester. The value m of polymer 4 suitably can 
vary widely for any particular polymer, e.g. from 5 to 10,000, more typically 10, 20, 
30, 40, 50, 80 or 100 to about 1,000, 2,000, 3,000. 4.000 or 5,000. at least for many 
photoresist ^plications. 



• 
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As mentioned above, prefeiTed methods for polymcridng a monomer 
produced in accordance with the invention include reacting the monomer in the 
presence of compound having muKipIe reactive nitrogen moieties to provide a 
siloxane polymer. 

Without being bound by any theory, it is believed the poiy^iitrogcn compound 
can serve as an eflectivc "tcmphte" onto which the reactive silanc compounds 
reagents can link during the course of the polymerisation. The nitrogen compound 
then substantially withdraws Irom the polymer matrix and is not substantially 
incorporated into the final polymer. Such withdrawal oftlic nitrogen compound is 
facilitated by the relatively weak Si«N bond that is believed to exist during the 
'*templating'* process. Some amounts of the nitrogen-containing compound may be 
incorporated into the polymer, but typically at least about 60, 70, 80 or 90 mole 
percent of the nitrogen-containing compound utilized in a reaction is not incorporated 
into the final polymer. 

In a preferred aspect, a plurality of distinct silane reagents may be employed in 
the polymerization reaction, e,g. at least two, three or four dbtinct silaoe reagents arc 
polymerized to provide the corresponding copolymer, tcrpolymer, tetrapolymer or 
pentapolymer. For example, one silane reagent may have a phoioacid-labile 
subsiitucnt such as a photoacld-labile ester or acctal, and another distinct silane 
reagent may have a dissolution control group such as a hexafluoropropanol group. 
Suitably, such groups may be substituents of a carbon alicyctic or hcteroalic^cltc 
moiety of a silane reagent. 

The nitrogen-containing "tcmplating** reagent prcfcmbly comprises one or 
more amine groups. Primary amines arc generally preferred, but secondary and even 
tertiary ammes also will be useful. 



Particularly preferred nitrogen-containing '"tcmplating" reagents arc small 
molecules, eg. having a molecular weight of less than about 500, more preferably a 
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moiecutar weight of Ics$ than about 400, 300, 200 or even 100. Such small molecules 
facilitate optimal positioning of the silanc reagents during the polymcrizatioD, 

Particularly preferred nitrogen-containing "tempiatlng" reagents also have a 
relatively rigid structure to further optimize positioning of silane reagents during ilie 
polymerization reaction. Thus, cyclic compounds having nitrogen substitution are 
preferred templating reagents, such as carbon alicyclic, hctcroalicyciic, carbocyclic 
ary] or hetcroaromatic compounds having one or piefcrably two or more nitrogen 
groups either as ring members or as substituents to the cyclic compound. Carbon 
altcyclic. hctcroalicycllc, caibocyclic aiyl or heteroaromatic compounds having 
multiple amine substituents are particularly preferred. An especially preferred 
templating reagent is a diamine phenyl compound. 

While such more rigid templating reagents may be particularly prefonred for at 
least some applications, non-cyclic templating reagents also wilt be eJfecti vc such as a 
noncyclic C].u alkyl or C|.u alkoxy having one or more nitrogen moieties, 
parttculaHy amine moieties. 

ITjc followmg Scheme 11 depicts a preferred polymerization method as 
discussed above. l<or the purposes of exemplification only, particularly preferred 
compounds, reagents and conditions are depicted in the following Scheme 11, and as 
widi Scheme it will be understood that a variety of other compounds and conditions 
can be employed in a similar manner as described below with respect to the 
exemplified compounds and conditions. For Instance, in Scheme II below, a number 
of preferred silane reagent substituents (Ri) that arc not displaced during the reaction 
arc depicted; a wide variety of other non-displaced substituents also may be 
employed. Scheme IT also depicts the particularly preferred nhrogen-containing 
templating reagent of 1,4-diamine phenyl, but a variety of other templating reagents 
also may bo employed. 
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Thus, as shown in the above Scheme 1], reactive silane compound R^-StCh 
wherein Rl is preferably die protected caitocyclic aryl group shown in Scheme I 
above, is admixed with the compound having multiple nitr(>gen groups (1,4* 
diaminophenyl). Suitably, the silane and templating compounds are admixed at 
reduced temperatures e.g. O^C or less and in a suitable solvent such as leirahydrofuran 
or other ether, or an aromatic solvent such as toluene, xylenes, and the like. 

Preferably ^e reaction is conducted in the presence of base, e.g. an organic 
base such as triethylamine. Suitably, the nitrogen-containmg compound can be added 
over time to a reaction vessel charged with one or more silane reagents. 

After the reaction addition is complete, a slight molar excess (relative to silane 
reagent(s)) of water can be added to the reaction mixture to promote the self-assembly 
reaction. The reaction mixture then may be stirred and significantly neutralized by 
addition of water and dried, e.g. by addition of anhydrous sodium sulfate wift 
overnight stirring. 

Removal of the complexed nitrogen-containing templating reagent can be 
accomplished by the further addition of water and base (e.g. an organic base such as 
triethylamine) and increased reaction temperature, e.g. to above room temperature 
such as to about 40*C. 50*C, 6(fC, 70*C or greater. The reaction mixture can be 
agitated at such elevated tcmpciatiire until reaction eompletiony e.g. 12» 24, 26, 48, 74 
Or more hours. At that point, the reaction mixture can be neutralized and the polymer 
isolated, washed and dried. See Example 2 which follows for exemptaiy preferred 
reaction conditions. 

As discussed above, die protected ester (e.g. acetoxy) of the silyl compound 
can be deprotcctcd such as by basic hydrolysis after formation of the polymer lo 
provided the earbocycHc aiyl alcohol, particularly the phenol as depicted in Scheme I 
above* 
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As refcfTcd to herein, alkyl groups typically have from I to about 16 carbon 
atoms, more preferably 1 to about S carbon atoms, still more preferably 1, 2, 3, 4» 5, 
or 6 carbon atoms. As used heicm, the term alkyl unless othcnvisc modified refers lo 
both cyclic and noncyclic groups, although of course cyclic groups will comprise at 
least three carbon ring members. 

Preferred alkoxy groups as referred to herein include those groups having one 
or more oxygen linkages and from 1 to about 16 carbon atoms, more preferably from 
1 to about 8 caibon atoms, and still more picfcrably 1 ^ 2, 3, 4, 5 or 6 carbon atoms. 

Preferred amiiie groups Include aminoaJkyI groups include those groups 
having one or more primaiy^ secondary and/or tcrtiaiy amine groups, and finom 1 lo 
about 12 caibon atoms, more preferably 1 to about 8 carbon atoms, still more 
preferably 1, 2, 3. 4. 5, or 6 carbon atoms. 

Suitable heteroaromatic groups as referred to herein may have one or more 
fiised or linked rings typically 1, 2 or 3 rings and at least one ring containing 1, 2 or 3 
N, O or S atoms such as coumarmyl including S-coumarinyl, quinolinyl including 8- 
quinollnyl, pyridyl, pyraadnyl, pyrimidyl, foiy1> pyrrolyl, thienyl, thiazolyl, ojcazolyl, 
oxidizoly], triazole, imidazolyU indolyl, benzoiuranyl and benzothiazo1e« ■ 

Suitable carfoocyclic aiyl groups as referred to herein include multiple ring 
compounds that contain separate and/or fosed aiyl groups. Typical caibocyclic aiyl 
groups contain 1 to 3 separate or fiised rings and from 6 to about 1 8 cariKjn ring 
atoms. Specifically preferred carbocyclic aiyl groups include phenyl; naphthyl 
including 1-naphthyl and Z-naphihyl; biphenyl; phenanthiyl; anthracyl; and 
accnaphthyl. 

As discussed above, polymers of the invention prefwably comprise one or 
more repeat units that comprise a photoacid-labilc group. The photoacid-labile group 
may be e.g. linked lo the deprotcctcd hydroxy substitulcnt of the carbocyclic aryl 
group incorporated into the polymer, e.g. the photoacid-labile group may be grafted 
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onto the phenolic group of the polymer depicted in Scheme I.. As di^ussed above, 
the photoacid'labite group may be e.g. an acid-labtic ester. The photoacid-labile 
group also may be e.g. an acetal group such as many be provided by reaction of a 
vinyl ether widi a hydroxy substituent of a polymer repeat unit 

As discussed, various polymer moieties may be optionally substituted . A 
"substituted" substituent may be substituted at one or more available positions, 

4 

typically 1, % or 3 positions by one or more suitable groups such as e.g. halogen 
(partjcuiariy F, CI or Br); cyano; Ci-s alkyl; C14 alkoxy; C14 alkyllhio; Ci-s 
alkylsulfonyl; C24 aDccnyl; C2.1 alkynyl; hydroxy!; nitro; alkanoyt sudi as a Cm 
alkanoyi e.g. acyl and the like; etc. 

Particularly prefenred polymer produced by methods of the Invention include 
those (hat contain ono or more repeat units provided by monomers of the following 
formulae 2 and/or 11: 



wherein R' is selected Irom (Ci-Ci2)alkyl, substituted (Ci-Ci2)alkyl, (Ci- 
C6)alkenyl, substituted (C2-C6)alkenyl, phenyl, C^CR^ (Ci-Cs)alkyl(C«(R^)4), (Cr 
C5)alkyI(C6H40Z), vinyl and substituted vinyl; Z is selected from (d- 
C6)aIkyl5u!fonate ester or aiylsulfonate ester; each is independently selected from 
H, F, (Ci^)aU&yi, (Ci-C6)alkoxy. halo(Ci-C6)alM, hydroxy-halo(C|'C6)alkyl or 
hak<C]-Q)alkoxy; 

each R'* is independently selected from R^ and OH; each R* Is Independently 
selected from H or F; each R* is independently selected from H, F, CH>, CF3, CHFj, 
and CH2F; and m «^ 0-2. 



(R^SiQa«) (I) 




(ID 
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1n those fonnulac I and II, when m ° 0, it will be Ofiprcciated that there is a 
chemical bond between the silicon and the aromatic ring. It is preferred that m 0 or 
1, and more preferably m « 1. In those formulae, by "substituted alkyr or 
"substilulcd alJccnyl'* it is meant that one or more hydrogens of ihc alkyi or alkcnyl 
group, respectively, is replaced by one or more other subslitucnts. Suitable 
substituents include, but arc not limited to, (Ci-C6)alkyl; substituied(CrC6)alkyl; (Cr 
C6)alkoxy; alkoxycarbonyls having the general formula (R'0-C(0))- wherein is as 
defined herein below; halo; ha!o(C|-€6)aIkyl such as trifluoromethyl; (C^ 
Cto)alkylsutfonate; and aiylsulfonate. Fluorine Is a preferred halogen substituent 
Preferred alkyl and substituted alkyl groups for R' are (Ci-Cio)alkyl, substituted (C|- 
C,o)alkyl, and (R^O-C(0)>-(Ci-Cio)alkyJ, wherein R^ is as defined herein below. 
Preferred substituted (C2-Cfi)aDccnyl groups for R* arc halo(C2-C6)alkcnyl, and more 
preferably fiuoro(C2-C6)aIkenyL When r' is a (Ci-C5)alky!(C6H40Z) group, as used 
heicin, such Z is referred to as an alkylsulfonato or aiylsulfonato substituent, or 
alternatively as alkylsulfonyloxy of arylsulfonyloxy substituent The (C|- 
C^)aIky1sulfonate ester or arylsulfbnatc ester groups of Z may optionally be 
substituted, such as by halogen, and particularly fluorine. Suitable groups where R* Is 
a (CrC5)alkyl(CAH40Z) include, but are not limited to, phcnylsulfonatobcnzyl, 
phenylsulfonatophenylethyl. methylsulfonatobemsyl, cthylsulfonatobenzyl, 
propylsuBbnatobcnzyl. trifluoromcthylsulfonatobenzyl, mcthyJsulfonatophenylclhyl, 
tolylsuifonatobenzyl, tolyisulfbnatophenyl^yl, camphorsulfooatobenzyl, 
camphorsulfonatophenylethy], phenylsulfonatophenyl, metbylsulfonatophenyl, 
tolylsulfonatophenyl, camphorsulfonatophenyl, cthylsulfonatopheny), 
propylsulfonatophcnyj, tiifluorometliylsulfonatophenyl, cthylsulfonatophenylcihyl, 
propylsulfonatophenylethyl, trifluoromctfiylsulfonaiophcnylethyl, and the like. Other 
suitable groups for R* include, but are not Ihnited to, methyl, ethyl, trifluoromethyl, 
2,2,2-trifluoroethyl, pentafluorocthyl, phenyl, benzyl, phcncthyl, lolyl, 
trifluoromethylphenyl, mcthoj^henyl. trifluoromethoxyphenyl, norbomyl, 
cyclohexyl, 1,2,2-trifluoiovlnyt, and the like, and preferably methyl, eHiyl, 
trifluoromctliyt, 2,2,2-trifluoroethyl, pentafluorocthyl, phenyl, benzyl, phencthyl, 
tolyl, trifluoromcthylj^enyl, trifluoromethoxyphenyl, norbomyl, cyckshcxyl, and 
1 A2-lrifluorovinyl. Particularly suitable monomere of formula II include, but arc not 
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Hmitcd to, hydroxyphenyl. hydroxybenzyl and hydroxyphcnylclhyl. Suitable 
hydroxy-halo(C|-C6)aIlg^l groups for include, but arc not limited to, -C(CF3)20H. 

Photoimagcable composiiions may be negative-acting or positive-acting. As 
discussed ebove» for positive-acting composition, the polymers typically further 
include one or more monomers containing an acid sensitive or cleuvabic group. Such 
acid sensitive monomers that may be polymerized to provide such groups include, but 
are not limited to, those of the formula 1)1 



wherein Is an acid cleavable group; each R* is independently selected from H, F, 
(Ci^C6)alkyl, (Ci-C6)alJcoxy, hak){Ci-Cfi)alkyl, hydroxy-halo(Ci-C6)alM or haIo(Cr 
C6)alkoxy; each is independently selected from H or F; each R'° is independently 
selected from H. F, CUj, CFj, CI IFz, and CHzF; and p 0-2, Preferably, p « 0 or 1, 
and more preferably p « I . It is preferred that R" b ethyl, propyl or cyclobexyl. R^ 
may be any suitable acid cleavable group. Suitable acid cleavable groups or leaving 
groups arc typically those that readily or fecilely form carbonJum ions and include, 
but arc not limited to: a) a group selected from -C(0)OC(Cn3)3; -Cn(CH3)0(Ci- 
C6)alkyl; 'CH2C(0)OC(CH3)3; -CsHgO ("tdrahydropyranyn or lactones; b) an 
optionally substituted noncyclic alkyl moieiy having 6 or more carbon atoms, with at 
least 2 carbon atoms selected from secondary, tertiary and quaternary carbon atoms, 
and wherein the ether oxygen is directly bonded to a quaternary carbon atom; c) 
optionally subsHiutcd fenchyl; d) optionally substituted phenyl; e) optionally 
substituted 3,2,0 bridged system; 0 optionally substituted bridged heteroalicyclic 
group; g) opti<^ally substituted c^cloalkyl group having 3 or 4 ring carbon atoms; and 
h) optionally substituted 2,2,1 -bridged systems. Suitable lactones include those 
attached to the oxygen by a tertiary carbon, such as Y-vnlcrolactonc* 




(HI) 




( 53 ) 



JP 2004-38143 A 2004.2.5 



-15- 



Suitable noncycllc alkyi moieties as leaving groups Include those that have 
onc» two or more tertiary carbon atoms, and/or one, two or more quatcmaiy carbons. 
Refcicnces herein to a "secondary*' carbon indicate the carbon atom has two non- 
hydrogen substilucnts (tx. CI ^WR.' where R and R* arc the same or diiTcreni and each 
is other than hydrogen); references herein to a "tertiary" carbon indicate the carbon 
atom has three non-hydrogen substitucnls (i.e. CHRR'R** where R, and R" are ihc 
same or difterent and each b other than hydrogen); and references herein to a 
"quaternary" caxboo indicate the carbon atom has four non-hydrogen substituents (i.e. 
CRR^R'Tl"' where R, R\ R" and R- are each the same or different and each is other 
than hydrogen). See. for instartce, Morrison and Boyd, Organic Chemistry, 
particularly at page 85 (3ncl ed-, Allyn and Bacon), for a discussion of those tcmns 
secondary, tertiary and quatemaiy. It is often preferred that a quaternary carbon is 
directly linked (i,c, covalcntly linked with no other imeipose atoms) to the oxygen. 

Preferred acid clcavable groups of the invention contain only saturated carbon 
atoms. Thus, ag., in this preferred aspect of the invention, the groups R, R\ R'% R"' 
of the above formulae for secondary, tertiary and quaternary carbons of the groitps 
(Lc. the formulae CH2RR', CHRR'R", CRR'R'Tl'") are each saturated alkyl, typically 
(Ci-C,D)aDcyl, more typically (Ci-C6)alkyl, still more typically alkyl having 1, 2, 3 or 
4 carbons. Preferred alkyl moieties include those having I quaternary carbon linked 
to the oxygen atom of the ether linkage and one or more additional tertiary or 
quaternary carbon atoms and not more than a one single ring alkyclic group. 
Additional prefermt alkyl moieties Include those having 1 quaternary caibon linked 
to the etiicr oxygen atom of the linkage and one or more additional secondary carbon 
atoms and no more than one ring alicycllc groups. Optimally, the edjer group will 
contain only carbon and hydrogen atoms and bo free of double or triple bonds. More 
preferred alkyl moieties include those having one quaternary carbon linked to the 
ether oxygen atom of the linkage and one or more additional quaternary or tertiary 
carbon atoms and not more than a one single ring alicyclic group. Optimally, the 
group will contain solely caibon and hydrogen atoms and be free of double or triple 
bonds. Particularly suitable leaving groups containing a quaternary carbon bonded 
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dircctly to the oxygen include, but arc not Kmited to, those having the stniciorcs of 
Fonnulae (IV) - (X), where refers to a polymer. 



(VI) 



(TV) 



(V) 



>+-< 




CVii) 




(VIID 



ax) 
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ParticiUarly suiuble leaving groups having a quateniaiy carbon bonded 
directly to the ether linkage Include, but are not limited to, 2,3-dimethyl'2-bulyl; 
2,3^-trimethyI-2-butyl; 2-mcthyl'24)Utyl; S-methyl-3-pcntyU 2,3,4-trimcthyl-3- 
pen^l;2,2,3,4.4-pcntamethyM-pentyl; l-methyl-l-cyclopcntyl; 1,2-KlinicihyM- 
cyclopcntyl; 1 A5-trfmcthyl-l-cyclopenlyl; 1 A2-trimcihyl-cyclopcniyl; 2,2,5,5- 
tctramcthyH-cycIopentyl; l-meihyl-l-cyclohexyl; I,2-dimethyl-t-cyclohcxyl; 1^6- 
trimcihyM-cyclobexyl; l,2A6-tctramethyM-cyclohcxyl; 1,2,2,6,6-pcntamethyM- 
cyclohcxyl; and 2,4,6-trimclhyl-4-hcptyl. 
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Additional preferred polymers produced by the methods of the invention 
inehidc those thai contain as polymerized units one or more monomers of fbnnula I, 
one or more monomers of formula U and one or more monomers of fomiuia f fl 



wherein W Is selected from (Ci-Cio)all<yl» substituted (Ci-C|o)allcyl, (C2-C6)alkenyl, 
substituted (Ci-C6)alkcnyl. phenyl, C6(R^)5, (C,-C5)alkyl(Co(R')4), (C,- 
Cs)alkyl(C6H4O20» vinyl and substituted vinyl; Z is selected from (CI- 
C6)alkyl5ulfonate ester or arytsulfonate esten is an acid cleavable group; each R' 
and is independently seJccled from II, F, (C3-C6)alkyU {Ci-C6)alkoxy, halo{Cr 
C6)allcyl, hydroxy-ha!o(Ci-C6)aJkyl and ha1o(CrC6)aIkoxy; each R* is independently 
selected fiom R' and OH; each and R' is independently selected from H or F; each 
R^ and R*^ Is independently selected from H, F, CH3, CF3, CHFj, and CH2F; m ^ 0-2; 
and p ^ 0-2, P^culariy suitable polymers for use in positive acting photoimagcable 
compositions arc those wherein m » 0 or I , More suitable are those polymers wherein 
p = 0 or 1, and preferably p= 1. 

In those polymer, the R' group suitably lowers or helps control the dissohition 
rate. Thus, increasing the content of the monomers of formula I provides pol>Tners of 
the present invention having decreased dissolution rate» as compared to the same 
polymer having a lesser amount of (brmula I monomers. 

In general, the monomers of formulae I-HI may be pobmerized in any ratio to 
provide the polymers of the present invention. For example, monomers of formulae I 
and U may be used in any ratio of I:II from 99:1 to 1;99. Monomers of formulae I and 
III may be used in any ratio from of Mil from 99:1 to 1:99. When tlie present 
polymers arc used in positive-acting photoimagcable compositions, it Is prcfcrred that 




(R'Si03/2) (1) 



(II) 
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thc monomers of fomtula 111 are present from 5 to 80%> based on Ihc total molar 
percent oflhe monomers used« 

•fhc silicon-containing polymers of the present invention lypicaHy have a 
motecolar weight of 500 to 200.000 Dattons, and preferably from 1000 to 100,000 
Dalcons. 

It wilt be appreciated by those skilled in the art that more than one silicon* 
containing polymer may be used in the present photoimageable compositions. Thus, 
the present photoimageable compositions may include one> two or more silicon- 
containing polymers. When two or more silicon-containing polymers are used, at 
least one is a silicon-containing polymer of the present invention. The remaining 
silicon-containing polymers may be conventional silicon-containing polymers or 
polymers of the present invention. In this way, blends of polymers may be 
advantageously used in the present i^oloimageable compositions. Such blends 
Include blends of the present silicon-containing polymers wifli non-silicon-containing 
polymers. In tficsc Wends, any ratio of polymers is suitable. The .^ilic ratio will 
depend upon the particular polymers ctHnbincd and the chaiacteristics (dissolution 
rate, etch resistance, photospeed, etc.) desired and arc within the ability of one skilled 
in the art 

A wide variety of photoactive components may be used in photoimageable 
composition of the invenUon« meluding, but not limhed to, photoacid generators and 
photobase generators. Photoacid generators are preferred. It will be appreciated by 
those skilled in that art that more than one jAotoactive component may be used 
advantageously in the photoimageable compositions of Ihc present invention. 

Photobase generators useful in the present invention are any compounds which 
liberate base upon exposure to light, typically at a wavelength of about 320 to 420 
nanometers, however other wavelengths may be suitable. Suhable photobase 
generators Include, but are not limited to: benzyl carbamates, benzoin carbamates^ O- 
carbamoylhydrc»cyamines, O-caibamoyloximes^ aromaUc suifcmamidcs, alpha- 
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laclams. N-<2-a!ly1clhcnyl)aniidcs, arylazidc compounds^ N-afylforraamidcs, and4- 
(orthoHfiitrophcnyl)dihydropyrIdines- 

Thc photoacid gcneratoni useful in the present invention are any compounds 
v/hich liberate acid upon cjqjosure lo light, typically at a wavelength of about 320 to 
420 nanometers, tjowever other wavelengths may be suitable* Suitable photoacid 
generators include halogenated triazincs, onium salts, sulfonated esters and 
halogenated sulfonytoxy dicarboximidcs. 

Particularly useful halogenated triazines Include halomcthyl-s-triaa^nes. 
Suitable halogenated triazincs include for example, 2-{l-(3,4-bcnzod!oxolyl)H,6- 
bls(trichloromcthy)>l ,2,5-triazine, 2-(I -{2,3-benzodioxolyO)-4,6. 
bis(trichIoronicthy 1)1 ,3,5-triazine, 2-( I '(3»4-bcnzodioxolyl)Hs6- 
bis(tribromomcihyl)-l,3,5-tria7Jne, 2-(l-(23-benzodioxolyO>-4>6- 
bis(tribromomethyl)-l .3.5-triazinc. 2-(2'fiirfylcthylidcne)^.6-bis(trichloromethyl)- 
l,3,5^azinc,2K2K5Hncthy)furyl)ethyMdaie)-4,6-bis(1ric 
a-(2-(4-mechyiiury])cthyHdcneH.^'his(trichloromethyO*i ,3,5-tri 2-(2-<3- 
ractftylluiyl)ethyIideneH,6-bis-<trich!oromethyO-l ,3»54riazine, 2-(2^4,5- 
dimethylfuryl)ethylidenc)-4,d-bis(irichloromethyl>-1 ,3,5-triai:ine, 2-(2-(5- 
methoxyfijryl)elhyUdcne)-4,6-bis(trichlon)mclhyl)-i;B,5-tria7Jne,2-<2-(4- 
mothoxyluiyI)ethylidene)-4,6-bls(trichloromethyl)-l,3,5-triazm^^ 
meihoxyfuryl)clhyUdene)-4.6-bis (trichloromcthyl>1.3^-triazinc, 2-(2-{4,5- 
dimcthaxy'fttiyl)ctbylidciH5)-4,6-bis(trlchloromelhyO-l i3,5-iriaz^^ 2-(2- 
furfytethylidcncH,6-Ws(tribromome%l)-13,5-trla7jne,2-P^ 
methylfiiryl)cthyHdene)-4.54)is(tribromomethyl)-l,3,5'-triaz^^ 
^ylidencH,6-bis(tribromomethyl)-l ,3,5-triazi 2-<2-<3-methylfuryl)ethyHdcne)- 
4>bis(tribromomethyl)-l .3,5'triazinc, 2-(2-(4,5-dimctho?cyfuiyl)ethyIidcnc)'4.6- 
bKtribromomethyl)-l,3,5-triazine,2K2-(5HncthoxyfuTyl)cthylide^^^ 
bis(tTibromomeihyl)-^i;3^-tria7Jne,2-(2K4-metho5cy[biyl)ethyM 

(iribroraomethyl)-l ,3,5-lriazine, 2-<2-(3-methoxyliiryl)ethy lidene>4f^- 
bis(tnT>n>momethyl)'13,5-tria/Jne,2-(2K4,5Hiiraettioxyfury^^^ 
bis(trlbroinomcthyl)-l3,5-triazine, 2A6-tris-{lrichIoromeihyl>l,3,5-tflazine» 2,4,6- 
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tris-(trilMt)iiK)iiicthyO-l 3»5-tria2ine, 2-pbcnyM,6-bis(^^ 
2-phcnyM,6-bi5(tribroroomelhyl)'l,3,5-triffiimc, 2-(4-nicihoxyi*cnyl)-4»^ 
bis(lricWorome%l).l,3,5-triaziiu^2-(4-mcihoxyphCT^^ 

l,3,54riazinc, 2-(l -ftaphthylH,6'bis(trichloit)mcthyl)-l,3,5-triazinc, 2<l-naphAyl)- 
4,6-b5$(iribromoincthy 1). 1 ,3,5-triazmc, 2-(4-methoxy- 1 -naphthy l)-4,6- 
bis(trichlofotnclhyl)-l,3,5-triazinc, 2-(4-mclhoxy-] -naphlhy^)-4,6- 
bis(lrib^)momelhy0- 1 ,3,5-lria2i fic, 2-(4-ch foropheny l)-4, 6-bU(Ui^ 
triazinc, 2-siyryM,6-bis(trichlorom€iltyl>l,3,5-iria2lne, 2-siyfyl-4,6- 
Ws(tribTomomcthyl)-l 3»5-tria7jne, 2-(4-nicthoxystyrylH.6-bis(trichlofomethyO- 
1,3,5-lriaziiic, 2-<4-mcihoxystyi7lH.6-b^tribromomclhyl)-l,3,5-lriazi^ 2-(3,4.5- 
trimethoxystyiyl>4,6-bis(trichloramcthyl)-l ,3,5-triazinc, 2-(3.4,5-triincthoxys«yiyl)- 
4,6-bis(lribromonicihyl)- 1 ,3,5-lria2ine, 2-(3-chIofo-l -phcnyJH.^ 
bis(tricbloromcthyl)^l,3,5-ulazloc, 2-<3^hloropheny0-4,6-bis(tribroraomcthyl)-l,3.5- 
triazinc and the like. Other triazine type photoacid generators usefiil in the present 
invention are disclosed in US Patent. No. 5;366,846, hcrebi incorporated by reference. 

The Mriaztnc compounds are condensation reaction products of ccrtam 
mcthyl-halooicthyl-s-iriazincs and certain aldehydes or aldehyde derivatives. Such s- 
triazinc compounds may be prepared according to the procedures disclosed in U.S. 
Pat. No. 3,954,475 and Wakabayashi et a!.. Bulletin of th e Chemical Society of Japan, 
42, 2924^30 (1969). 

Onlum salts with weakly nucleqphilic anions arc particularly suitable for use 
as photoacid generators In the present invention. Examples of such anions arc the 
halogen complex anions of divalent to hcptavalent metals or non-mcials, for example, 
antimony, tin, iron, bismuth, aluminum, gallium. Indium, titanium, zirconium, 
scandium, chromium, haftiium, copper, boron, phosphorus and arsenic. Examples of 
suhable onium salts inchide, but arc not limited to: diaryl-diazonhim sahs and onium 
salts of group VA and B, «A and B and I of the Periodic Tabic, for example, 
halonium salts, quaternary ammonium, phosphonium and arsonhim salts, aromaric 
sulfonhim salts and sulfoxonium salts or selenium salts. Examples of suitable onium 
are disclosed in US Patent Nos. 4,442,197; 4,603,101; and 4.624,912, all incwporated 
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herein by reference. Sulfonlutn salts such as triphenylsulfonium hcxafluorophosphatc 
arc prefBTTcd, 

The sulfonated esters nsefii! as photoacid generators in the present invention 
include sulfonyloxy ketones. Suitable sulfonated esteis include, but arc not limited to: 
benzoin tosylate, t-butylphenyl alpha-(p-toluenesuIfonyloxy)-acctale, and t-butyl 
alpha-(p-toluenesu!fonyloxy)-acetate. Such sulfonated esters arc disclosed in the 
Journal of Pho r opolymer Science and Technol ogy, vol. 4, No. 3,337-340 (1991), 
incorporated herein by reference. 

Suitable halogcnaicd sulfonyloxy dicaiboximides useful as photoacid 
generators in the present invention include, but arc not limited to: 
1 (((Irifluoroinethyl)sulfony !)oxy)-l H.pyrrole-2,5-dionc; N- 
((perfluorooctanesulfonyl)oxy)-S'norbomcne-2,3-dicarboxiniidc; N- 
((U'inuoromelhylsulfonyl)oxy)-5-noibomcne-2,3-dicarboxtin}dc; 1- 
(((trifluDroinethyl)sulfooyl)oxy)-2,5-pyrrolidincdionc;3a,4JJa-tetr^ 
(((irifluoromcthy])sulfonyOoxy)-4J-TOcihano-lH-isoindolc-l^ 
(((trifluoromcihyl)sulf<myl)oxy)-lH4)cn2(Oisoindole-13(2^ 3,4-dimcthyl-l- 
(((trifluoromcthyl)sulfony0oxy)-lH-pyrTOle-2,5-dione; 2- 
(((trifluoromethyi)suironyl)oxy)-l H''JSoindole'K3(2H)-dione; 2- 
(((trifluott>methyl)sulfonyl)oxy)- 1 U-bcnz(dc)iSoquinolinc-l ,3(21 I>dlone; 4,5,6,7- 
t<^ydro-2K((trifluoromethyI)sulfonyl)oxy).ni-fsoindole-I^(2H)-dio^^^ 
tctrahydro-2K((trifluon5incthyl)sulfonyl)oxy)-4J'^3Q^-n<-isom 
2,6-bis-(((trifluoromethyl)sulfonyI)oxy)-bcn2o(l ^-c:4,5-c')dipym)lc-l ,3,5,7(2H,6H)- 
tctrone;hexahydio-2,6-bisK((trifluoromcihyl)sulfonyl)oxy)-4,9-methano-^ 
pyrroIo(4,4-g)i5oquinoline-i;5,5,7(2H,3aH,6H)-tetronc; l,8,8.triniethyl-3. 
(((trifluoromethyl)suironyl)oxy)-3-azablcyclo(3.2. l)octane-2,4-dione; 4,7-dihydro-2- 
(((lrifhioromethy!)sulfonyl)oxy)-4,7-epoxy.iH-isoindoIc-l,3(2H)-dione; S-i}- 
naphthalenylHiihcnyl-l--(((trifluofomtflhyOsuIfonyl)oxy)*lH-pyrrolc-^ 
3,4^iphcnyl- 1 --(((trffluoromcthyl)5ulfonyl)oxy)-l H-pyfrolc-2,5-dione; 5,S'-(2 A2- 
trifluoro-l -(iriflluofomethyl)ethylidcne)bis(2K((trifluoroniethy l)sulfonyl)oxy)-l H- 
iso'mdolc. l,3(2H)-dlone; tcuahydro-4^((trifluoroinethyl)sulfonyl)oxy)-2,6-xnethano- 
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2H-oxiTeiu>(f)isoindole.3,5(laH,4H>djono; 5,5*'Oxybis-2- 
(((trifluort)mcthyl)sulfonyOoxy)- 1 1 1-isoindoIc-l ,3(2H)-dione; 4.mcthyl-2- 
(((trifluoromcthyl)sullbnyl)oxy)-lH-JSoindolc.|,3(2IO-d^ 
(((trifluoromctfayl)suIf<»yl)oxy)-2.5-pyiTO and mixtures thereof. It is 

preferred that the halogcnotcd sulfonyloxy dicarboximidcs comprise one or more of 
l(((trinuoroinethyI)sulfonyl)oxy)-lH-pyrrole-2,5-dione; N- 
((perfluonxK:tancsulfony1)oxy)-5-norbomcnc-2;3-diajrboximide;N- 
{(trifluofomcthylsuIfooy0oxy)-5-iiorbomene-2,3-dicarboxiinide and l- 
(((lrifluofonicthyl)sulfonyl)o>cy)-2^-pyrrolidinedionc, and more preferably N- 
((pcrfluorooctancsulfonyl)oxy)-5-nort)oniene-2»3-dicart>oximW^ or N- 
((trIfliioroincUiylsu}fonyl)oxy)-5-norbornene-2.3-dicartK>xJmide» 

In positivc-acting systems of the present invention, the photoactive 
components are typically added to photoimageabic compositions in an amount 
sullicicnt to generate a latent image in a coating layer of resist material upon exposure 
to activating radiation. When the photoactive component is a photoacid generator, the 
amount is typically in the range of 0.1 to 10 percent by weight, based on the weight of 
the resin, and preferably 1 to Z percent by weight 

In negative-acting systems of the present invention, the amount of photoactive 
component useful is any amount sufneicnt to catalyze cross-linkhig of the silicon- 
containuig polymer or oligomer. The photoactive crniponents arc typically used in 
the range of 0.1 to 25% by weight, based on the weight of the composition. It is 
prefemd that the photoactive component is present in an amount in the range of 0.1 to 
1 5% by weight, more preferably in the range of 0. 1 to 12% by wei^t, and sUlI more 
"iffeimbly loss thdn of equal t6-5% by werght "A i^ieularty suitable range Is from 
O.l to 5% by weight 

The compositions of the pn»ent invention may optionally contain one or more 
organic cross-linking agents. NcgaUvc-acting systems of the present Invention 
preferably include one or mon: cross-linking agents. Any aromatic or aliphaUc cross- 
linking agent that reacts with the silieon-contahilng polymer or oligomer is suitable 
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for use in the present invention. Sudi organic cross-linking agents will cure to Tom a 
polymerized network with the silicon-containing polymer or oligomer, and reduce 
solubility in selected solvents. Such organic cross-linking agenCs may be monomers 
or polymers. It will be appreciated by those skilled in the art that combinations of 
cross-linking agents may be used successfully in the present invention. 

Suitable organic cross-lmking agents useful in the present invention include,^ 
but are not limited to: amine containing compounds, epoxy containing materials, 
compounds containing at least two vinyl ether groups, allyl substituted aromatic 
compounds, and coroblnalions thereof. Prcfcned cross-linking agents include amine 
containing compounds and <^xy containing materials. 

ITic amine containing compounds useful as cross-linking agents in the present 
invention include, but are not limited to: a melamlne monomers, melamine polymers, 
alkylolmethyl mclamines, benzoguanamine resins, bcnzoguanaminc-formaldehyde 
resins, urea-formaldehyde resins, glycolurH-fonnaldchyde resins, and combinations 
thereof. These resins may be prepared by the reaction of acrylamldc or 
methacryiamide copolymers with fomialdehydc in an alcohol-containing solution, or 
alternatively by the copolymerizatton of N-alkoxymethylacryl amide or 
methacjylamide vnih other suitable monomers. Particularly suitable amine-based 
crosslinkers include the mclamines manufactured by Cytcc of West Paterson, New 
Jcreey, such as Cymel« 300, 301, 303, 350. 370, 380. 1 1 16 and 1 130; 
benzoguanamine fcslns such as Cymel™ 1 123 and 1 125; the glycoIuriJ resins 
CYMELT>« 1 170, 1171 and 1 172; and the urea-based resins BEETtE^ 60, ^5 and 80, 
also available from Cytcc, West Paterson, New Jciscy, A large number of similar 
amlne-based'compounds-are commercially available from various suppliers. 

Melamines are the prefencd amine-based cross*-linkers. Partkiularly preferred 
are alkylolmethyl melamine resins. These resins are typically ethers such as 
triallgrlolmcdiyl melamine and hexaalky lolmethyl melamine. The alkyl group may 
have from 1 to 8 or more carbon atoms but is preferably methyl. Depending upon Ae 
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leaction conditions and the concentration of fc^aldehyde^ the methyl ethers may 
react with each other to form more complex units. 

Particularly suitable amine-based cross-linking agents include those of 
fonnula IV 



PrefciTcd aitkyl groups for R" and arc mclbyl and propyl. 

Epoxy containing materials useful as cross-linkers in the present invention are 
any organic compounds having one or more oxirane rings that are polymerizabic by 
ring opening. Such raalcrials, broadly called epoxides, include, but are not Ihnfted f o: 
monomerie ^xy compounds, and polymeric epoxides that may be aliphatic, 
cycloaliphatic. aromatic or hcierocyclic. Preferred epoxy cross-linking materials 
geneiany, on average, have at least 2 polymeri^able epoxy groups per mofccule. Ihc 
polymeric epoxides include linear polymers having teiminal epoxy groups (e.g., 
diglycldyl ether of a polyoxyalkylene glycol), polymers having skeletal oxirane units 
(e.g., polybutadicne polyepoxide), and polymers having pendant epoxy groups (e.g., 
glycidyl mcthaorylatc polymer of copolymer). The epoxides may be pure compounds 
but are generally mbctures CMtainmg one, two or more epoxy groups per molecule. 

Useful epoxy-containing materials may vary from low molecular weight 
monomerie materials and oligomers to relatively high molecular weight polymers and 
may vary greatly in the nature of theh backbone and substilucnt groups. For example, 
tlic backbone may be of any type and substitucnt groups may be any group free of any 
substituents leactive with an oxirane ring at room temperature. Suitable substituents 



X N (IV) 

wherein R" and R" arc independently selected fiom H, (Ci-C6)alkyl and phenyl. 
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inc1ude« but are not limited to: halogens, ester groups, ethers, sulfonate groups, 
siloxane groups, nllro groups, phosphate groups, and (he like. 

Particularly useful cpoxy containing materials in the present invention include 
glycidyl ethers- Examples arc the glycidyl etheis of polyhydric phenols obtained by 
reacting a polyhydric phenol with an excess ofchlorohydrin such as cpicHorohydrin 
(e.g., the diglycidyl ether of 2;2-bis-(2.3-epoxypropoxyphcnol)propanc). Such 
glycidyl ethers include bisphcnol A epoxides, such as blsphcnol A cthoxylatcd 
dlepoxtde. Further examples of epoxides of this ^ype are described in US. Pat. No. 
3,01S,262, herein incorporated herein by reference to the extent this patent teaches the 
preparation of sach epoxides. 

Suitable epoxides useful in the present invention include, but are not limited 
to: epichlorohydrin, elycidol, glycidylmeihaciylatev the glycidyl ether of p- 
tertiaiybutylphcnol (e.g^ those nvailable under the trade name HPI-REZ 501 4 from 
Celancse); diglycidyl ether of BIsphenol A (e.g.> those available under the trade 
designations EPON 82«, EPON 1004 and Epok 1010 from Shell Chemical Co.; and 
DER-33 1. DER-332 and DER-334 from Dow Chemical Co.), vinyfcyclohexcne 
dioxide (e.g., ERL^206 from Union Carbide Corp.), 3,4-epoxy-6-methyI- 
cyclohexyImethyi-3,4-cpoxy-6-mcthyJcyclohcxene caiboxyiatc (e.g.» ERLt4201 from 
Onion Carbide Corp.), Ws(3.4-cpoxy-6-mcthylcyck>hcxylmcthyl) adipate (e.g., ERI- 
4289 fiT>m Union Carbide Corp.), bis(2,3-epoxycyclopcn^!) ether (e.g., ERL-0400 
fiom Union Carbide Coip.). aliphatic epoxy modified with polypropylene glycol (eg., 
ERL-4050 and ERL-4269 from Onion Carbide Corp.), dipentene dioxide (e.g., ERL- 
4269 from Union Carbide Corp.), Hame returdant epoxy resins (e.g., DER-5S0, a 
brt>mlnated bisphcnol type epoxy resin available from Dow Chemical Co.), 1,4- 
butancdiol diglycidyl cAcr of phcnolfonnaldehyde novolak (e.g., DEN-43 1 and DEN- 
438 from Dow Chemical Ca), and resorcmol diglycidyl ether (cg^ KOPOXITE from 
Koppers Company, Inc.). 

Compounds containing at least two vinyl ether groups include, but ere not 
llroitod to divinyl ethers of aliphatic, cycloallpbatic, aromatic or araliphatic diols. 
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Examples of such materials include divlnyl ethers of aliphatic diols having from \ to 
12 carbon atoms, polyethylene glycols, propylene glycols, poiybutylene glycols* 
dimediylcyclohcxanes, and the like. Particularly useful compounds having at least 
two vinyl cihcr groups include divinyt ethers of ethylene glycol, trimethylcnc-1,3- 
diol, diethylenc glycol, tricthylcne glycol, dipropylene glycol, trIpiopylenB glycol, 
resorcinol, Bisphcnol A, and the like. 

Suitable af lyt substituted aromatic compounds useful as cross-linkers in the 
present invention arc those containing one or more allyl substituents, that Is, the 
aromatic compound is substituted at one or more ring positions by the altyiic carbon 
of an alkylene group). Suitable ally I aromaties include allyl phenyl compounds, such 
as an allyl phenol. An allyl phenol crosslinkcr can be a monomer or polymer that 
contains one or more phenol units where the phenol units are substituted at one or 
more ring positions by an allylic caibon of an alkylene group. Typically the alkylene 
substituent(s) is propenyl, i.e., the phenol has one or more propenyl substituents* 
Prefcnrcd allyl phenols include a polycondensate of phenol and hydroxybenzaldchyde 
and an allylhalide such as allylchloride. A number of suitable allyl phenols are 
commercially available, for example the allyl phenol sold under Ac trade name 
THERMAX SH-1 50AR by Kennedy and Klim, Inc. (Little Silver, N J.)- Allyl phenyl 
compounds including allyl phenols are also described in U^. Patent No. 4,987,264, 
herein incorporated by reference to the extent this patent teaches the preparation of 
stich compounds. 

Particularly suitable organic cross-linking agents include those contmntng one 
or more mcihoxyraethyl groups, such as mcthoxymctl^yl-substitutcd melamines and 
methoxymethyl-substitutcd glycourils such as those of fomiula IV, above. 
Hexamethoxymcthylmelamine is a preferred methoxymethyl-substituted mclamine. It 
is further preferred that one or more of the hydrogens of the organic cross-Hnklng 
agent, and more preferably one ot more of the methyl hydrogens in the 
mctho>oanethyl substitucn^ is substituusd wiA a halogen, prefembly fluorine. Thus» 
preferred cross-linkers include those containing one or more mcthoxyfhioromcthyl 
and/or methoxydifluoroaicthyl substitucnis. Exemplary preferred Ouorinatcd cross- 
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linking agcnls include methoxyfluoromethyl- and mctbo^^djfluoromcihyl-substitutcd 
melamtncs and glycourils, such as hexamcthoxyfluoroincthylinelamine and 
hexamethoxydifluoTxnncthylmclaniinc. Also suitable are fluorinated cpoxy cross- 
linking agents. For certain applications, it is prefetred that the cross-llnking agent is 
tluorinated» 

The compositions of the present invention may suitably comprise only a single 
type of onganic CFQSs-*linker, e.g., only an amine containing cross-linto, or may 
contain two or more difTerent cross-linkers. When a combination oforganic cross- 
linkers is used in the present invention, it is inrcfcrred that the combination include an 
amine containing compound and an cpoxy containing compound. The concentni6on 
oforganic cross-linldng agents in the compositions of the present invention may vary 
within a Folativcly wide range. It will be appreciated by those skilled in the ajt that 
suitable organic cross-linker concenlralions will vaiy with factors such as cross-linker 
reactivity and specific application of the composition. Typically^ the cioss-linking 
agcnt(s) Is piesent in an amount in the range of 0.1 to 80% by weight, based on tlie 
total weight of the composition, preferably in the range of 0,5 to 50%, and more 
preferably in the range of 1 to 25%. It is preferred that a cross-linking agent is used in 
the compositi<His of the present invention. 

The photoimageable compositions of the present invention may optionally 
ftuther include one or more additional components, including, but not limited to, 
solvents, anti-striation agents, plasticizcrs, surfactants, base additives, speed 
enhancers, fiUers, dyes and the like. In positive-acting systOTS, a base additive is 
typically used to adjust the phoiospced of the composition. Such optional additives 
will be present In relatively minor concenu^lions In a photoresist composition except 
for fillers and dyes which may be used in relatively large concentrations, e.g. in 
amounts of from about 5 to 30 percent by weight; based on the total weight of die 
composition's dry components. 

'Ihe photoimageable compositions of the present invention may be readily 
prepared by those skilled In the art. For example, a photoresist composition of the 
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invention can be piepared by dissolving the components of the photoresist, i.e. 
polymer binder and photoactive component, in a suitable solvent. Such suitable 
solvents include, but are not limited to; ethyl lactate, ethylene glycol monometiiyl 
ether, ethylene glycol monomcthyl ether acetate, propylene glycol monomethyl ether, 
propylene glycol monomcihyl clhcr acetate, 3-ethoxyethyl propionate, 2-hcptanone, y- 
butyrolnctonc^ and mixtures thereof. 

Typically^ the solids content of the photoresist composition varies from about 
S to about 35 percent by weighty based on the total weight of the composition. The 
resin binder and pliotoactive components should be present in amounts sufilcient to 
provide a film coating layer and formation of good quality latent and relief images. 

Such photoresist compositions may be applied to a substrate by any known 
means, such as spinning, dipping, roller coating and the like. When the compositions 
arc applied by spin coating, the solids content of the coating solution can be adjusted 
to provide a desired film thickness based upon the specific spinning equipment 
utilized, the viscosity of the solution, the speed of the spinner and the amount of time 
allowed for spinning. 

As discussed above> the present photoimagcable compositions are particularly 
suitable for use as a top layer in a bilayer photoresist system. In such a system, a 
bottom layer of a conventional photoresist, such as novolac polymer based resist, Inert 
polyarylether-^lfone copolymer based resist or a novolac or polyhydroxystyrene- 
based thcnnally cross-linkable system. Such bottom layer is typically applied to or 
coated on a substrate using any of the above described procedures. The bottom layer 
is then hard baked such as at 230** C for 2 minutes, after which the present 
photoimageablc compositions are coated on the cured bottom layer. The bottom 
layers preferably contain an amount of a UV absorbing component, such as an 
anthracene dye, suflieient for optical density and etch performance. The bottom 
layers typically have a tiiickness of fi*om 0.4 to 1 |4m. The top layer of the present 
photoimagcable compositions is typically from O.OS to 1 pm thick, preferably from 
0.1 to 0.5 pm, and more preferably from O.l to 0.3 pm. 
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After being coated on the bottom layer, the present pbotoimageable 
composition top layer is dried by beating (balced) to rcnaove any solvent. It is 
preferably dried until the coating is tack free. Thereafter, it is imaged tbrou^ a mask 
in a conventional manner. The exposure is sufficient to effeclively activate the 
photoactive component of the photoresist to produce a patterned image in the resist 
coating layer, and more specifically, the exposure energy typically ranges jfirom about 
I to 100 mJ/cm^ dependent upon the exposure tool and the components of the 
photoresist composition. 

The photoimageabte compositions of the present invention may be activated 
by a variety of exposure wavelengths, such as 248^ 193, 157 nm and 11-15 nm. 
However, the pbotoimageable compositions of the present invention may bo used with 
otiier radiation sources, such as, but not limited to^ visible, e-bcam. Ion-beam and X- 
ray. 

Following exposure* the film top layer of the composition is preferably baked 
at temperatures ranging from about 70** C to 160** Q ITiercafter, the top layer film Is 
developed to fonn an etch pattern. The exposed resist tllm is rendered positive 
working by employing a polar developer, preferably an aqueous based developer, 
such as quaternary ammonium hydio^dde solutions, such as tetra-allQ^I ammonium 
hydroxide, preferably a 0.15 to 0,26 N tetramethylammoniura hydroxide; various 
amine solutions, such as ethylamine, n-propylamine, dicthylaminc^ triethylamine or 
methyl dicthylamine; alcohol amines, such as dicthanolamine, tncthanolamine; cyclic 
amines, such as pyrrole, pyridine, and the like. One skilled in the art will appreciate 
which development procedures should be used for a given system. 

The pattcni is next transferred to the underiayer or bottom layer by etching, 
such as with an oxygen reactive ton etch process. After such processing, tfie resists, 
both top and bottom layers, may be removed from die processed substrate using any 
stripping procedures known in the art 
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Tho present photolmageable compositions arc usefiil m all applications 
photoresists aro typically used. For example, the compositions may be applied over 
silicoD waiws or silicon wafers coated with silicon dioxide for the producCion of 
microprttcessors and other integrated circuit components. Aluminum-aluminum 
oxide, gallium arsenide, ceramic, quart?., copper, glass, spin-on organic dielectrics, 
spin-on or chemical vapor deposited inorganic dielectrics, and iho like are also 
suitable employed as substrates for the pliotoresist compositions of the invention. 
Other chemical vapor deposited layers, such as cap layers, etch stops and the like, 
may also be used as substrates. 

Alternatively, the present compositions may also be used in optoelectronics 
applications, such as in the manufaciurc of optical waveguides. By "c^tical 
waveguide" is meant any device that transmits optical radiation across a two- 
dimensional substrate surface. Suitable optical waveguides include, but are not 
limited to, splitters, couplers, spectral filters, polarizers, isolators, wavelength division 
multiplexing structures, and the like. Such waveguides may also contain active 
functionality, sudi as amplification and switching such as with cicctro-optic, thcrmo- 
optic or acousto-optfc devices^ To be useful as amplifiers, the present waveguides 
typically contain one or more dopants. Erbium is an exemplary dopanL Such dopants 
arc well known In the ait. Thus, the present waveguides suitable for use as amplifiers 
contain one or more dopants. 

The waveguides of the pi^sent mvenlicm may be manufactured as individual 
waveguides or as an array of waveguides. Whether such waveguides are prepared as 
an array depends on the particular use and is within the ability of one skilled in the art. 

In one embodiment, optical waveguides may be prepared by first disposing a 
layer of the present compositions on a substrate by any means including, but not 
limited to, screen coating (or screen printing), curtain coating, roller coating, slot 
coating, spin coating, flood coaling, electrostatic spniy, spr^ coating, dip coating or 
as a dry film. When the compositions of the present invention are spray coated, a 
heated spmy gun may optionally be used. The viscosity of tibe composition may be 
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adjusted to meet the requirements for each method of application by viscosity 
modiners, thixotropic agents, fillers and the like. Any substrate suitable for 
supporting a waveguide may be used with the present compositions. Suitable 
substrates include, but arc not limited to, substrates used In the manufacture of 
electronic devices such as printed wiring boards and integrated circuits. Particularly 
suitable substrates include laminate surfaces and copper surfaces of copper clad 
boards, printed wiring board inner layers and outer layers, wafers used in the 
manufecturc of integrated circuits, liquid crystal display ("LCD**) glass substrates and 
the like. 

The coated substrate is typically then cured, such as by baking, to remove any 
solvents Such curing may be a variety of temperatures, depending upon the particular 
solvent chosen. Suitable temperatures are any that arc sufficient to substantially 
remove any solvent present Typically, the curing may be at any temperature from 
room temperature (i.e., 25** C) to 1 70** C. Such curing typically occurs over a period 
of from 5 seconds to 30 minute Such curing may be aficcted by heatmg the 
substrate in an oven or on a hot plate. 

After curing, the layer of the present composition disposed on the substrate is 
then Imaged by exposure to acrinic radiation through appropriate artwork or a mask. 
Foliowbg exposure, the composition is then cured at a teropcraUire of from 40** to 
1 70* C, Curing time may vaiy but is generally from about 30 seconds to about J hour. 
While not intending to be bound by tbeoiy, it is believed that upon exposure to actinic 
radiation the siisesquloxanc oligomer cross-links, particularly witli the optional cross- 
linking agent The exposed areas arc rendered less sohible tlian the unexposed areas. 
Thus, the unexposed areas may l>e removed, such as by contact with a suitable 
solvent, aqueous developer or solvent-water mixture, leaving only Ihc exposed areas 
remaining on tlie substrate. Suitable aqueous developers include alkali metal 
hydroxides such as sodium hydroxide and potassium hydroxide in water as well as 
tetraalkylammonium hydroxide in water. Such developers are typically used in 
concentrations from O.I to 03 K, such as 0.15 to 0^6 N tetramethylammonlnm 
hydroxide in water. The choice of developer is well within the ability of those skilled 
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ifi &e art. Such development may be at a variety of temperatures such as from room 
temperature to alxnit lOO* C The tfme of such develi^ment depends upon the 
material to be removed and the temperature used, but is generally liom about 10 
seconds to about i hour. 

Following development, the present waveguides may undergo a final euro 
step, or re-flow step. Jn such final cure step, the waveguides may be heated at a 
temperature in firom about 130* to 225* C in air or inert atmospheres such as nitrogen 
or argon. Such final cure step aids in removal of residual solvent, removal of 
hydroxy! groups from the silsesquioxane polymer such as by increasing the extent of 
cross-linking, alter the waveguide profile such as to reduce surface rou^ess, and 
improves the optical transmission properties of the material. 

Optical waveguides typically have a core and a claddJng, whcitdn the cladding 
has a lower index of refraction as compared to the core. Particularty uscfiil 
waveguides have core having an index of refraction of from 1.4 (o 1^5. Typically, 
suitable cladding has an Index of refraction of from 1.3 to 1^4. 

It is prefcned that a cladding layer is first deposited on a substrate. If the 
cladding layer is photocurable or thermocurablc, it may be blanket cured as a first 
step. The photodeiinable core material is then deposited on the cladding layer^ 
imaged and the unexposed areas optionally reeved. A second cladding layer is then 
deposited on the imaged waveguide. The second cladding layer may be the same or 
diflTcrent from the first cladding layer. However, the indices of refraction of the first 
and second cladding layers should be the same. The second claddmg layer is then 
cured, or imaged in the case of a photocurable cladding composition, to provide a 
waveguide structure. 

The silsesqutoxone oligomers and polymers of the present invention are 
suitable for use in iho cladding and/or corv of the present optical waveguides. 
Preferably, the present photodefinable compositions arc used to prepare cores fbr 
optical waveguides. It will be appreciated that the refractive index of a 
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photodcfinabk composition including a present silsesquioxane nligomcr aod one or 
more organic cross-linking agents may be modified by ciumging ihc amount and type 
of the one or more cross-linking agents selected and/or photoactive component. Thus» 
the present compositions may be useful as core or cladding material depending upon 
the type and quantity of cross-linking agents selected. 

AJI documents mentioned herein arc incorporated herein by referaicc. The 
following noa-Ixmiting examples are illustrative of the invention. 

Example 1: Synthesis of «lane monomer of a-methyl, 4-acetoxybcnzyl 
trichkMOSifane 

A 50 ml 2 necked round bottomed ilask equipped w]& refluxing condenser 
and an addition funnel is flushed with nitrogen for 10 minutes and charged with 10 
mg of Pd{OAC)2 and 40 mg of triphenylphosphfne and 10 ml of toluene. The mixture 
is stiired at room temperature. 2 g of p-acetoxystyrene is added (all at once) to the 
clear solution followed by dropwise addition of 4.5g trichlorosiJane. The whole 
mixture was stirred at SifC for 10 hours after which solvent and the unreacted startmg 
materials removed by distilfatkin. The crude product of a-methyl, 4-acctoxybcnzyl 
trlchlorosilane is evaluated by and ''C NMR and produced in 959^ yield. 

Example 2: f^olymcr synthesis using a-mcthyU 4-acetoxyben2:yl trichforosilanc 
A solution of known amounts of 1^4'phcnylcxiediaminc, tnethylamine and 
excess HiF are added drop wise to a three necked flask containing known amount of 
a-mcthyl, 4-acetoxybenzyl trichiorosilane in known amount of toluene at -*15^C. This 
solution is stirred for 30 min at low temperature (-15*^0) afbr which a known amount 
of water and tnethylamine and THF are added drop wise to the ilask at --5**C. This 
mixture is sthrcd at this tempemturc for additional 3 h then washed with wat»' until 
neutral and dried with anhydrous sodium sulfate overnight. 

The final solution from the above reacdon is stirred in the presence of 
molecuku* sieves (4 angstroms) and a catalytlo amount of uicihylamine at S(fC for 72 
h. After 72 h, the polymer solution is washed with water until neutral and the solvent 
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was distilled off. The soHd polymer was dissolved in minimum amount of THF and 
precipitated In water (twice) and dried in vacuum at 50**C for 24 h. 

Example 3: Photorusist preparation and lithograi^ic processing. 

A preferred bilayer resist composition was prepared and processed as follows. 

Top layer 

The top resist layer was formulated at 1 0 weight percent soh'ds. The following 
components were admixed to provide the resist composition: polymer, base additive, 
surfactant, and photoacid generator component. 

Polymer, base addilive CFrogcr's base) and surfactant (RO^ surfactant) are . 
added as solutions of prt^ylcne glycol methyl ether acetate (PGMEA), The 
phoioadd generator is added as a solution in ethyl lactate. The final solvent blend of 
the formulated resist was 90:10 v/v PGMBArethyl lactate. The polymer is as 
produced in Example 2 above. The photoacid generator component consists of MDT 
in an amount of 6.5 weight percent of total solids (all resist eomponents except 
solvent) and t-buQ<]phenyldiphenyl sulfonium trifluorobenzenesulfonate in an amount 
of 2.9 weight percent based on rotal solids. The base additive (Troger's base) is 
present in an amount of 0.563 weight percent based on total solids. The surfactant (R^ 
OS; from 3M) is present In an amount of 0.2 weight pereent based on total solids. 

Bottom layer 

The bottom layer composition is formulated at 18.26 weight percent solids. 
All components are added as sohjtions in either PGMEA or ethyl lactate^ with a final 
solvent blend of 80:20 v/v PGMEAtethyl lactate. 

llie bottom layer composition consists of components of polymer, crosslinkcr, 
thermal acid generator and surfaclanL The polymer component consists of a resin 
blend of a phenolic novolac resin and a copolymer containing anthracene methyl 
acrylate, hydroxyl ctfiyl methaciylatc and methyl methacrylate. The crosslinker is a 
benzaquanaminc icsin (Cymel 1 170) which is present as 15 weight percent of total 
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solids oflhe bottom layer composition. The thcnnal acid generator is Nacurc 5524 
which was present as 4 weight percent of tota] solids. The surfactant is R-08 which 
was present as 0.3 weight percent of total solids. 

The compositions arc rithographicaily processed as follows. The bottom layer 
composition is spin coated onto silicon wafers and cured ot 175*C for 60 seconds to 
provide coating layers of 5100 angstrom thicknes.*;. The top layer composition is then 
spin coated over the bottom layer and soft-baked at 90'C for 90 seconds- The applied 
resist layer is then exposed to 248 nm radiation through a photomask, post-exposure 
baked at ^'C for 90 second, and developed with 0.26 N aqueous alkalhie solution. 

The foregoing description of the invention is merely illastratrve iiKFeof, and it 
is understood that variations and modification can be made without departing from the 
spirit or scope of the invention as set forth in the following claims. 



1 Abstract 

The invention includes new St-containing monomers, polymers containtng 
such monomers and photoresists that contain the polymers. Synthetic methods of the 
invention inchidc reactmg a vinyl earbocyclic ary I ester compound with a reactive 
silane compound to provide the monomer 
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